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INFORMATION REPRODUCING SYSTEM, is reproduced and a data error, a data ^paralion section 196 

INFORMATION RECORDING MEDIUM* for M:paratin§ data in accordance with the attitude of data, a 

AND INFORMATION RECORDING decompression processing section for decompressing data 

APPARATUS compressed lo be adaptable to tbe altitude of data, a display 

5 Section or a reproducing section or another input device. 
BACKGROUND OF TIIC INVENTION j^, detection section 184, the dot code 170 on the sheet 
The present invention relates to an information recoraing 1^*2 is irradiated with light emitted from a light source 198, 
medium, such as paper on which so-called multin:iedia and redected light is allowed to pass through an image 
information including audio information, such as speech and forming optical system 200 having lenses and the like and a 
music, video information obtainable from a camera, video ^pati^l hlter202 arranged to, for example, remove moire and 
equipment and the like, digital code data obtainable from a like, and then supplied to an image pickup section 204 
personal computer, a word processor and the like has been anranged to convert optical information into an electric 
recorded as a two-dimensional code pattern which can signal and comprising, for example, a CCD or a CMD so as 
optically be read, an information recording apparatus for to detected as an image signal. The image signal is 
recording the two-dimensional code pattern on the informa- ^- amplified by a preampliiier 206. The light source 198, image 
tion recording medium ana information reproduction system forming optical system 200, spatial hlter 202, image pickup 
which optically reads the code pattern to reproduce original section 204 and the preampliiier 206 are accommodated in 
multimedia mformation. external light insulating sec-tion 208 tor insulating dis- 
Hitherto, a variety of mediums including magnetic tapes turbanc^ caasSd by external light. Tlie linage signal ampli- 
3nd optical disks have been known as mediums for record- ^y the preampliher 206 is converted mio digital m tor- 
ing speech, music and ihe like. However, even if a muiti- mationby an AD conversion sect ion 210,. nd the a supplied 
piicity of copies of the foregoing mediums are to the to llowmg scan conversion section 186. 
manufactured, the somewhat cosily unit price cannot be Note that the image pickup section 204 is controlled by a 
reduced. Moreover, an excessively large space is required 10 image pickup section control section 212. In an example 
store the copies. What is worse, in a case where the medium, " '-"^^ where an inter-line type CCD is employed to serve as 
on which speech has been recorded must be .sent to a remote ^he image pickup section 204. the image pickup section 
person, labor and time takes wastefully even if it is mailed control section 212 transmits control signals including a V 
or directly transported. Also so-called multimedia intbrma- i-'^lank signal tor vertical synchronization, an image pickup 
tion including video information obtainable from camera, , device reset pulse signal for resetting information charge, a 
video equipment and the like and digital code data obtain- charge transfer gate puLse signal tor transmitting charges 
able from a personal computer, word processor and the like stored in chaise transter storage sections arranged two- 
except audio information encounters similar problems. dimensionally, a horizontal charge transfer CLK signal 
To solve the above-mentioned problems, the applicant of ^^^^^ ^ ^^^^^s^er clock signal tor a horizontal shift register 
the pre.sent invention has, in EP 0,670.555Ai transternng a charge m the honzontal direction to 
(corresponding to U.S. Ser. No. 08/407,018) disclosed a " ^^^^smii the .same to the outside, a vertical charge transfer 
svstem for recording, on an information recording medium P^^^^c signal for traastornng the pluraLty ot vertical shift 
.^uch as paper, multimedia information including at least any charges mto a vertical direction to transter the same 
one of audio information, video information and digital code horizontal shift register and the like, 
data as image infonnation which can be facsimiled and The image pickup section control section 212 supplies a 
which can be copied in a large quantity with a low co-sl, that light emission ceil control pulse to keep light emi.ssion 
is, in the form of a two-dimensional code pattern formed by timing of the light source 198 in synchronization with the 
two-dime nsionally disposing a plurality of dots serving as timing of the transmission of the signals, 
encoded information, and a system for reproducing the Image data is read in a period from a V blank to another 
two-dimensional code pattern. V blank in one lield. The light source 198 does not continu- 
'l"he two-dimensional code pattern disclosed above is ously emit light but it emits light pulses with synchroniza- 
formed as .shown in FIG, 1, That is, FIGS. la-Lc correspond tion in held units. To prevent introduction of clock noise into 
to FIG. 1 6 of EPO,670„555A1 and shows a dot code 170 (see the output is when the pulse is emitted, liming is controlled 
FIG. la) serving as a "two-dimensional code pattern. Area A in such a manner that exposure is performed during the V 
of FIG. I is shown in FIG. IB. The data format of the dot 50 blank period, that Ls, a period in which the image charge is 
code 170 is structured such that one block 172 (see FIG. Ic) not traasmitted. That is, the light emLs.sion cell control pulse 
comprise a marker 174, a block addre.ss 176, an error is a very thin digital clock pulse which is generates! instan- 
deteciion and error correction data 178 and a data area 180 ianeou.sly and thus supplies great electric power to the power 
in which actual data is set. The blocks 172 are two- source. Therefore, any contrivance Ls required to prevent 
dimensionally arranged in the longitudinal and lateral direc- 55 unintentional introduction of noise into the analog image 
tions to tbrm a dot code 170. signal. Thus, the light source is caused to emit pulse light 
HG. 2 corresponds to FiG 17 of EP 0,670,555AI and t^^ams in the V blank period. As a re.sult, SN can be 
shows the stnicturc of an apparatus for reproducing multi- improved. The pulse light emission causing the time in 
media information. The information reproducing apparatus wnich light is emitted to be shortened Ls signiticantK effec- 
comprises a detection section 184 for reading a dot code 0.) i« eliminating influence of shake occurring when a 
from a sheet 182 on which the dot code 170 is printed, a scan manual scanning operation is performed and out of focus 
conversion section 186 which recognizes image data sup- caused from movement of the image pickup section 204. .As 
plied from the detection section 184 as a dot code to a result, a high speed scanning operation can he performed, 
normalize image data above, a bmarizing section 188 for In order to prevent deterioration in the S/N ratio because 
binarizing multivalue data, a demodulating section 190, an b5 of di.sturhance,.such as external light, in spite of existence of 
adjustment section 192 tor adjiLsting data roNv, a data error the external light insulating section 208 when, for example, 
correction section 194 for correcting a read error when data the reproducing apparatus has been inclined, a pulse for 
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reselling the image pickup device is transmitted immediately 
before the light -source 198 emus light in Etic V biamc period 
to reset the signal of the image. Immediately after the signal 
has been reset, light is emitted, and immediately after the 
light emission, image data is read. 

The scan conversion section 186 will now be described. 
The scan conversion section 186 is a section which recog- 
nizes image data supplied from the detection section 184 as 
a dot code so as to normalize the dot code. The recognition 
and normalization are performed as follows: initiaily, image 
data supplied from the detection section 184 is stored in an 
image memory 214, and then image data above is read out 
and supplied to a marker detection .section 216. The marker 
detection section 216 detects a marker of each block. A data 
arrangement direction detection section 218 uses the mark- 
ers to detect rotation or inclination or data arrangement 
direction. In accordance with a result of the detection, an 
address control section 220 reads image data from the image 
memory 214 to perform correction so as to supply image 
data to an interpolating section 222. At this time, distortion 
of each lens occurring in the image forming optical system 
200 of the detection section 184 is corrected in accordance 
with information about the aberration of the lenses supplied 
from the correcting memory 224 so as to as well as correct 
the lenses. Then, ihe interpolating section 222 subjects 
image data to an interpolating process so as to convert image 
data into an original cFot cocTe pattern. 

An output from the interpolating section 222 is supplied 
to the binarizing section 188. Since the dot code 170 is 
basically composed of white and black patterns, that is, it is 
binary information, the dot code 170 is binarized by the 
binarizing section 188. At this time, the binarizing operation 
is appropnaiely performed while causing a threshold value 
determination circuU 226 to determine the threshold value in 
consideration of an influence of disturbance and an influence 
of the amplitude of the signal. 

Since modulation has been performed when data has been 
recorded, demodulation of data is initially performed by the 
demc^ulating section 190, and then demodulated data is 
supplied to the data row adjustment .section 192. 

The data row adjustment secdon 192 initially causes a 
block address detection section 228 to detect the block 
address of the two-dimensional block. Then, a block address 
error detection and correction section 230 detects and cor- 
rects an error of the block address, and then an address 
control section 232, in block units, stores data in a data 
memory section 234. Since data Ls stored in block units as 
described above, data can be stored etEciently even if 
intermediate data does not exist or data is input after\vards. 

Then, data read from the data memory section 234 is 50 
supplied to the data error correction section 194 .so that data 
errors are corrected. An output from the data error correction 
.section 194 is branched into two sections one of which Ls, 
through an LF 236, .supplied to a personal computer, a word 
proce.ssor, an electronic notebook or the like. The other 55 
output Ls supplied to the data separation section 196 so that 
data is divided into images, characters written by the hand, 
graphs, characters, line drawings and .sound (two types of 
which is original .sound and synthesized sound). 

The image corresponds to a natural image and is a 
multivalue image The image is decompre.ssed by a decom- 
pression processing section 238 to correspond to a compres- 
sion method, for example, JPEG, and then data, which 
cannot be corrected, Ls interpolated by a data interpolating 
circuit 240. 65 

Binary image information, .such as characters written by 
the hand, graphs and the like, are decompressed by a 
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decompression processing section 242 to correspond to the 
compression method, for example, .VtR, MH or MMR. and 
then data, which cannot be conrected, is interpolated bv a 
data interpolating circuit 244. 
^ Characters and line drawings are, by a PDL (Page 
Descnption Language) proccssmg section 246, converted 
into another pattern for display, .^so line drawings and 
characters, which have been encoded and decompressed tor 
the code, arc dccompres.scd (for example, a Huffman coding, 
1') Lempel-Ziv coding or the like) by a decompression process- 
ing section 248 corresponding to the compression method, 
and then supplied to the PDL processing section 246. 

Outputs from the data interpolating circuits 240 and 244 
and the PDL proce.s.sing section 246 are, by a synthesizing 
^' or switch circuit 250, synthesized or selected, and then 
converted into an analog signal by a D/A conversion section 
252 so as to be displayed on a display unit 254, such as a 
CRT (a TV monitor) or an FMD (Face Mounted Display). 
Note that the FMD is a glxs.sestype monitor (handy monitor) 
to be mounted on the face of the aser, and can be effectively 
u.'^d for, e.g., a virtual reality operation or looking at an 
image on a lai^e frame in a narrow space. 

Speech intbrraation is decompre.ssed by a decompression 
section 256 to correspond to the AD PCM coding or the like, 
and data, the error of which cannot be corrected, Ls inter- 
polated by a data interpolating circuit 258. In a case of 
speech synthesis, a speech synthesizing section 260 is sup- 
plied with the code of the speech synthesis to synthesize 
speech from the code to transmit the speech. In a ca.se where 
the code Ls compressed in the foregoing case, the decom- 
pression processing section 262 .subjects the cxide to a 
decompression process, such as Huffman coding, Lempel- 
Ziv coding or the like, .similady to the characters and the line 
drawings, and then the speech synthesis is performed. 

Outputs from the data interpolating circuit 258 and the 
.speech .synthesizing .section 260 are, by a synthesizing or 
switch circuit 264, synthesized or selected so as to be 
converted into an analog signal by D-'A conversion section 
266. and then transmitted to a speech output unit 268, such 
as a loudspeaker, a headphone or the like. 

Characters and line drawings are directly transmitted from 
the data separation section 196 to a page printer or a plotter 
270 so as to be printed on a paper sheet as characters oL a 
word processor, or enabled 10 be transmitted to the plotter as 
a line drawing or a drawing. 

As a matter of course, also the Image can be printed by a 
video primer as well as being displayed on the CRT and the 
FMD, and moreover the image can be photographed. 

An image reproducing apparatus having the foregoing 
structure is arranged such that, for example, the detection 
section 184 and the scan conversion section 186 are accom- 
modated in a pen-like case so as to be used as a reading 
section for optically reading the dot code 170 on the sheet 
182: and the reading section is held by the hand to manually 
scan the .surface of the sheet 182 along the recorded dot code 
170 so as to read the code. 

A group including the inventor of the present invention 
has developed a format which is capable of raising the 
recording density of dot codes of the foregoing type and has 
tiled in U.S. Ser. No. 08 571,776 (corresponding to EP 
0,717,398 A3). The formal of the dot code is, as shov^n in 
FIG. 3, structured such thai predetermined matching pattern 
dots 278 are disposed at predetermined positions with 
respect lo the marker 174, for example, between markers 
adjacent in the ftrst direction. Moreover, address dots 280 
indicating the address of the block is dLsposcd at a prcde- 
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termineci position, for example, between markers adjacent m 
a second direction. Eacti of the matching pattern dots 278 
aad the address dots 280 is composed ot" a dot having the 
same size as that of the data dots 282 disposed in the data 
area 180. Thus, the dot code 170 structured as described 
above enables the direction of the arrangemenl and the true 
ceater of the marker 174 serving as a reference point for 
reading the data dots 282 to be obtained by using the 
matching pattern dots 278 having a predetermined pattern. 
Therefore, the reference points for reading can easily and 
accurately be obtained. Thus, even if code patterns are 
recorded densely, the position of each data dot 282 can 
accurately be calculated so that original multimedia infor- 
mation can reliably be reproduced. 

As the binarizing section 188 for appropriately perform- 
ing the binanzing operation whde causing threshold value 
determining circuit 266 to determine the threshold value, a 
binarizing circuit of a type disclosed in Jpn. Pat. Appln. 
KOKAI No. 59-6 13i^3 'has been known. The foregoing 
binarizing circuit is arranged to obtain the maximum and -'3 
minimum value ol: digital data converted by an A/D 
converter, the maximum and minimum value being tho.se in 
the previous frame. In accordance with the obtained values, 
a threshold value is calculated and the obtained result of ihc 
calculation is used as the ihre.^hold value of the present 
frame so as to perform the binarizing operation. 

The above-mentioned system for reproducing the dot 
code 170 is considerably affected by direct reflection 
because of the >hort distance from the surface of the sheet 
182 to the image pickup section 204. Thus, a video signal 
obtained, from the image pickup section 204 unintcntionaily 
includes noise. If the image pickup section 204 has a 
defective pixels, noise is generated. Noise of the foregoing 
type results in that the maximum and minimum values 
cannot accurately be obtained by the binarizing circuit. As a 
re-sult, a binarizing operation using an appropriate threshold 
value cannot be performed. Even if an appropriate value can 
be obtained, an optimum threshold value cannot always be 
obtained from the maximum and minimum values attribut- 
able to the state where dots are printed. "^^ 

BRIEF SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present inven- 
tion is to provide an information reproducing system, an 
information recording medium and an image reproducing 
apparatus capable of accurately extracting maximum and 
minimum values even from a subject having noise, capable 
of perfonning a biaarizing operation with an appropriate 
threshold value rcgardle.ss of a state where dots are printed 
so thai original multimedia information is accurately repro- ^' 
duced. 

According to a tirst o-spect of the present invention, there 
Ls provided an information reproducing system compri-sing: 

code reading means for reading a desired dot code from 55 
an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; ^^jj 

binarizing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading means; and 

information reproducing means for restoring binarized 
data generated by the binarizing means to original ^5 
multimedia information to reproduce multimedia 
information, wherein 
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the binarizing means includes: 
reference dot detection means which binarizes the 
image signal with a predetermined threshold value 
prior to generating binarized data so as to detect a 
relereoce dot from the binarized code image; 
dot area measuring means for measuring the area of 
the reference dot delected by the reference dot 
detection means; 
threshold value modifying means for modifying the 
threshold value in such a manner that the area 
measured by the dot area measuring means 
approaches a predetermined target value; and 
threshold value determining means for binarizing the 
image signal with the threshold value modified by 
the threshold value modifying means. 
According to a .second aspect of the present invention, 
there is provided an information reproducing system com- 
prising; 

code reading means for reading a desired dot code from 
an information recording medium on which multimedia 
information including at iea.st any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
bmarizing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading mean.s; and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia informaUoa to reproduce multimedia 
information, wherein 
the binarizing means includes: 
region dividing means for dividing the picked up 
screen of the dot code into a plurality of regions: 
characteristic amount extracting means for extract- 
ing the characteristic amount for binarization in 
region units divided by the region dividing means: 
threshold value calculating means for calculating the 
thre.shoid value for binarization in accordance 
with the characterbtic amount extracted by the 
characteristic amount extracting means: and 
threshold value determining means for binarizing the 
image signal with the threshold value calculated 
by the threshold value calculating mean.s. 
According to a third aspect of the pre.sent invention, there 
is provided an information reproducing system comprising: 
code reading means for reading a desired dot code from 
an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
binarizing means for generating binarized data from an 
image .signal corresponding to the dot code read by the 
code reading means; and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
information, wherein 
the binarizing means includes: 

peak value detection means for detecting the maxi- 
mum value and the minimum value of the lumi- 
nance from a predetermined detection region; 
code detection means for detecting whether or not a 

code exists in the detection region; 
minimum value replacing means for replacing the 
minimum value in the detection region with the 



Copy provided by PICS from the PTO APS Image Data Base on 09-15-1999 



5,943,448 



minimum value or one of the previous Held and 
tramc in a ca.ie where the code detection means 
does not detect a code: and 
threshold value calculating means tor oaicuiaiing the 
threshold value tor binarization tor the same 
region of one of a next tield and a next frame troni 
the detected maximum value and the detected or 
replaced mmimum value in accordance with a 
predetermined interior division ratio. 
According to a fourth aspect of the present invention, 
there is provided an information reproducing system com- 
prising: 

code reading means for reading a desired dot code from 
an information recording medium on which multimedia 
information including at least any one of audio ' 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
binarizing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading means; and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
intbrmcition, wherem 
the binarizing means includes: 
peak value detection means for detecting the maxi- 
mum value and the minimum value of the lumi- 
nance from a predetermined detection region; 
code detection means for detecting whether or not a 

code exists in the detection region; 
minimum value replacing means for replacing the 
minimum value in the detection region with the 
minimum value of the adjacent detection region in 
a case where the code detection means does not 
detect a code; and 
threshold value calculating means for calculating the 
threshold value for binarization for the same 
region of one of a next field and a next frame from 
the detected maximum value and the detected or 
replaced mmimum value in accordance with a 
predetermined interior division ratio. 
According to a fifth aspect of the present invention, there 
LS provided an information recording medium for use in an 
information reproducing system having code- reading means 
for reading a desired dot code from an informadon recording 
medium on which multimedia information including at least 
any one of audio infonnation, image information and digital 
code data has been recorded in the form of a dot code which 
can optically be read; binarizing means for generating 
binarized data from an image signal corresponding to the dot 
code read by the code reading means; and information 
reproducing means for restoring binarized data generated by 
the binarizing means to original multimedia information to 
reproduce multimedia information, the information record- 
ing medium comprising: 
data dots which correspond to the contents of multimedia 

information and which can optically be read; and 
u re te re nee dot arranged to be detected by the binarizing 
means and serving as a reference when the threshold 
value is modilied to allow the area of the detected dot 
to approach a predetermined target value. 
According to a sixth aspect of the present invention, there 
is provided an information recording medium for use in an 
information reproducing system having code reading means 
for reading a desired dot code from an information recording 



medium on which muUimcdia information including at least 
any one oi audio information, image information and digital 
code data has been recorded in the form of a dot code which 
can opiicaiiy be read; binarizing means for generating 
binarized data from an image signal corresponding to the dot 
code read by the code reading means; and information 
reproducing means for restoring binarized data generated by 
the binarizing meaas to original multimedia information to 
reproduce multimedia information, the information record- 
ing medium comprising: 
data dots which correspond to the contents of muiiimedia 

information and which can optically be read; and 
a reference dot serving as a reference when the binarizing 
means detects the maximum value and the minimum 
^ value of the image signal level corresponding to the dot 
code, detects a dot from a code data binarized by a 
threshold value calculated from the maximum vale and 
the minimum value in accordance with a predetermined 
interior division ratio and modifies the interior division 
ratio in such a manner that area of the delected dot 
approaches a predetermined target value. 
According to a seventh aspect of the present invention, 
there is provided an information recording apparatus for 
recording multimedia information including at least an\ one 
of audio information, image information and digital code 
data in the form of a dot code which can optically he read, 
comprising: 

reference dot recording means for recording at least two 
.^^ types of reference dots having at least different areas of 
shapes; 

reference dot reading means tor reading the reference dots 
recorded by the reforeac*e dot recording means to 
binarize the read reference dots; 
i5 reference dot selection means for subjecting the area of 
each reference dot read by the reference dot reading 
means and a predetermined reference value to a com- 
parLson to select a reference dot having the different 
smaller than a predetermined threshold value; and 
recording means for recording a dot code corresponding 
to multimedia information in accordance with the ref- 
erence dot selected by the reference dot selection 
means. 

According to an eighth aspect of the pre.sent invention, 
there Ls provided an information recording apparatiLs for 
recording multimedia information including at least any one 
of audio information, image information and digital code 
data in the form of a dot code which can optically be read, 
comprising: 

reference dot recording means for recording reference 

dots having different recording densities; 
reference dot reading means for reading the reference dots 
recorded by the reference dot recording meaas to 
binanze the read reference dots; 
recording density adjustment meaas for sutijecting the 
area of each of the reference dots read by the reference 
dot reading means and a predetermined reference value 
to a comparison to adjust the recording density in such 
a manner that the difference Is smaller than a predeter- 
mined threshold value; and 
recording means for recording a dot code corresponding 
to multimedia information in accordance with the 
recording density adjusted by the recording density 
adjustment means. 
According to a ninth aspect of the present invention, there 
Ls provided an information recording apparatus for recording 
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multimedia information including at least any one of audio 
information, tmagc information and digital code daia in the 
form of a dot code which can optically be read, comprising: 

reference dot recording means for recording at least two 
or more types of reference dots having different record- 
ing densities; 

reference dot reading means for dividing a picked up 
screen in such a manner thai only one reference dot 
recorded by the reference dot recording means is 
included in a divided region and bioarizing each 
divided region to read the reference dot to binarize the 
reference dot; 

density selection means for subjecting the area of each 
reference dot read by the reference dot reading means 
and a predetermined reference value to a comparison 
and for selecting the density of the reference dot having 
the difference smaller than a predetermined threshold 
value; and 

recording means for recording a dot code corresponding 
to multimedia information in accordance with the 
recording density selected by the density selection 
means. 

According to a tenth ;ispect of the present invention, there 
is provided an information recording apparatus for recording 
multimedia information including at least any one of audio 
information, image information and digital code data in the 
form of a dot code which can optically be read, comprising: 
input means for inputting information relating to the 

information recording medium; 
storage means for storing the relationship bet>^een infor- 
mation relating to a predetermined mforraation record- 
ing medium and one of the area of the dot when data is 
recorded and the recording density; and 
means for reading corresponding one of the dot area and 
the recording density from the storage meaas in accor- 
dance with information input by the input means and 
relating to the information recording medium so as to 
record a dot code corresponding to multimedia infor- 
mation in accordance with the one of the dot area and 
the recordmg density. 
Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying tlrawings, which are incorporated m 
and constitute a part of the specitication, illustrate presently 
preferred embodiments of the invention and, together with 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIGS. lA-lC are diagrams showing a conventional rwo- 
dimensional dot code pattern; 

FIG. 2 Ls a block diagram showing a conventional infor- 
mation reproducing apparatus: 

FIG. 3 is a diagram showing another form of the dot code 
which is a conventional two-dimensional code pattern; 

FIG. 4A Is a block diagram showing a first embodiment 
of an information reproducing system according to the 
pre.sent invention; 
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FIG. 4R is a block diagram showing a bmariying section 
according to a rtrst embodiment of the information repro- 
ducing system according to the present invention: 
RG. 5 Ls a diagram showing the area of a dot; 
FIG. 6 A is a block diagram showing a second embodi- 
ment of an information reproducing sy.stem according to the 
present invention; 

FIG. 6D is a flow chart showing the second embodiment 
of the information reproducing system according to the 
^'■^ present invention; 

FIG. 7 is a block diagram showing another .structure of the 
second embodiment of the information reproducing system 
according to the present invention; 

FIG. 8 is a flow chart showing the operation of the 
-strucmre shown in FIG. 7; 

FIG. 9A is a block diagram showing a third embodiment 
of an information reproducing system according to the 
present mvcntion; 
:o FIG. 9B is a flow chart showing the third embodiment of 
the information reproducing system according to the present 
invention; 

FIGS. lOA and lOB are diagrams showing dot codes for 
use in a fourth embodiment of ihe information reproducing 
svstem according to the present invention and as well as in 
a first embodiment of an information recording medium 
according to the present invention; 

FIGS. 11 A and IIB are diagrams respectively showing 
examples of other dot codes to be recxirded on an informa- 
•^'^ tion reproducing medium according to a first embodiment of 
the present invention; 

FIG. 12 is a diagram showing a dot code for use in a fifth 
embodiment of the information reproducing .system accord- 
ing to the present invention; 

FIG. 13 Ls a block diagram showing a fifth embodiment of 
an information reproducing system according to the present 
invention; 

FIG. 14 is a diagram for e.xplaining reading points; 
4*) FIG. 15 is an enlarged view of a peripheral portion of a 
data dot obtained by picking up an image of a data code bv 
a CCD and by binarizing the data code; 

FIG. 16 is a diagram for explaining another method of 
calculating the centroid; 
"^'^ FIG. 17 shows another example of the dot code for use in 
a fifth embodiment of the information reproducing .system 
according to the present invention; 

FIG. 18 is a block diagram showing a sixth embodiment 
of an information reproducing system according to the 
''^ present invention; 

FIG. 19 is a diagram showing a dot code for use in a sixth 
embodiment of the information reproducing system accord- 
ing to the present invention; 

FIG. 20 Ls a block diagram showing a seventh embodi- 
ment of an information reproducing system according to the 
present invention; 

FIG. 21 is a block diagram showing an eighth embodi- 
ment of an information reproducing sy.stem according to the 
present invention; 

FIG. 22 is a flow chart showing the operation of the 
information reproducing system according to an eight 
embodiment of the present invention; 
FIGS. 23A-23C are diagrams showing the relationship 
(,5 between first and second threshold values; 

FIG, 24 is a diagram showing a method of calculating an 
average area; 
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FIG. 25 IS a block diagram showing a ninth embodiment 
of an information reproducing .sysiem according to ihc 
present invention; 

RG, 26 LS a flow chart showing the operation of the 
information reproducing system according to a ninth 
embodiment of the present invention: 

FIG. 27 is a block diagram showing a tenth embodiment 
of an information reproducing system according to the 
present invention: 

FIG. 28 IS a How chart showing the operation of the 
information reproducing system according to a tenth 
embodiment of the present invention; 

FIG. 29 Ls a flow chart showing another example of the 
operation of the information reproducing system according 
to the tenth embodiment of the present invention; 

FIG. 30 is a diagram showing the operation of an eleventh 
embodiment of the information reproducmg system accord- 
ing to ihe present invention; 

FIG. 31 LS a diagram showing a frame obtained in a case 
where a dot code has been scanned by a handy scanner; 

FIG. 32 IS a block diagram showing an eleventh embodi- 
ment of an information reproducing system according to the 
present invention; 

FIG. 33 is a How chart for, by a software manner, realizing 
the eleventh embodiment of the information reproducing 
system according to the present invention; - - 

FIG. 34 is a block diagram showmg a twelfth embodiment 
of an information reproducing system according to the 
present invention: 

FIG. 35 IS a flow chart showing the operation of the 
information reproducing system according to the twelfth 
embodiment of the present mvention; 

FIG. 36A IS a diagram showing the strucmre of a thir- 
teenth embodiment of the information reproducing system 
according to the present invention; 

FIG- 36B is a table showing contents stored in an interior 
division ratio modification table according to a thirteenth 
embodiment of the information reproducing s^^stem accord- 
ing to the present invention; 

FIG. 37 is a graph explaining the operation of a fourteenth 
embodiment of the information reproducing system accord- 
ing to the present invention and showing the relatiocuship 
between the areas of a dot and the interior division ratios; 

FIG. 38 IS a graph explaining the operation of a fifteenth 
embodiment of the information reproducmg system accord- 
ing to the present invention and showing the relationship 
between the areas of a dot and the interior division ratios; 

FIG. 39 is a flow chart showing the operation of the 
information reproducing system according to the fifteenth 
embodiment of the present invention; 

FIG- 40 is a graph showing the relationship between 
calculated interior division ratios and actual values for 
explaining the operation of a sixteenth embodiment of the 
information reproducing system according to the present 
invention; 

FIG. 41 is a graph explaining the operation of a seven- 
teenth embodiment of the information reproducing system 
according to the present invention and showing the relation- 
ship between the areas of a dot and the interior division 
ratios; 

FIG. 42 is a block diagram showing a seventeenth 
embodiment of an information reproducing sy.^tem accord- 
ing to the present invention; 

FIG. 43 is a flow chart showing the operation of the 
information reproducing sy.stem according to the .seven- 
teenth embodiment of the present invention; 



30 



FIG. 44 is a block diagram showing an eighteenth 
embodiment of an information reproducing system accord- 
ing to the present .nvention; 

FIG. 45 Ls a iiow^ chart showing the operation of the 
^ information reproducing system according to the eighteenth 
embodiment of the present invention; 

FIG. 46 is a tlow chart showing the operation of the 
information reproducing system according to a nineteenth 
embodiment of the present invention; 

FIG. 47 is a diagram showing a dot code for use in a 
twentieth embodiment of the information reproducing sys- 
tetn according to the present invention; 

FIG. 48 is a block diagram showmg a twentieth embodi- 
15 ment of an information reproducing system according to the 
present invention; 

FIG. 49 is a diagram showing a shaded image for explain- 
ing a iweniy-lirst embodiment of the information reproduc- 
ing system according to the present invention; 
-'^ FIG, 50 is a block diagram .showing a twenty- first 
embodiment of an information reproducing system accord- 
ing to the present invention; 

FIG. 51 is a diagram showing a dot code for u.se in a 
twenty-second embodiment of the information reproducmg 
system according to the present invention; 

FIG. 52 iS a diagram showing a dot code for use in a 
twenty-third ^^mbodiment of the information reproducing 
system accc aiing to the present invention; 

FIG. 53A is a diagram showing a shaded code image for 
explaining a twenty-founh embodiment of the information 
reproducing system according to the present invention; 

FIG. 53B is a diagram showing the maximum luminance 
and the threshold value for each of divided regions; 
3>S FIG. 54A Ls a diagram showing a shaded code image for 
explaining a iwenty-tifth embodiment of the information 
reproducing system according to the present invention; 

FIG. 54B is a diagram .showing a state where the mini- 
mum luminance of the overall frame is applied to the 
4*) minimum value f(>r each of the divided regions in the 
iweniy-fifth embodiment of the information reproducing 
system according to the present invention; 

FIG. 55 IS a diagram showing a state where the minimum 
luminance of the overall body of the previoas frame is 
applied to the minimum value for each of the divided regions 
of the present frame in the twenty-sixth embodiment of the 
information reproducing system according to the present 
invention; 

FIG. 56 A is a diagram showing a state of a change of 
shading between frames according to a twenty-seventh 
embodiment of the information reproducing svstem accord- 
ing to the present mvention; 

FIG. 56B is a diagram showing a state of transition of the 
„ irrei^ularitv of the ground color between frames; 

FIG. 57 is a block diagram showing a twenty-seventh 
embodiment of an information reproducing system accord- 
ing to the present invention; 

FIG. 58 is a diagram showing a stale where the ground 
(3,) color IS gradually brightened as the* time pa.sses m a certain 
divided region of a picked up image and an image which has 
been binarized for explaining a twenty-eighth embodiment 
of the information reproducing system according to the 
present invention; 

FIG. 59 is a block diagram showing a twenty-eighth 
embodiment of an information reproducing .system accord- 
ing to the present mvention; 
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FIG. 60 IS a diagram showing the operation of a twenty- 
ninth embodiment of die information reproducing system 
according to the present invention; 

no. 61 IS a flow chart showing \hc operation of I he 
information reproaucing .system according to a thirtieth 
embodiment of the present mveniion; 

RG, 62 is a tiow chan of a process for caicuiatmg the 
interior division ratio according to the thirty-hrst embodi- 
ment of the prchcnl invention; 

no. 63 is a tlow chart of a process for calculating the 
threshold value in a thirty-tirst embodiment ot the informa- 
tion reproducing system according to the present invention; 

RG. 64 is a flow chart of a binarizing process according 
to the ihirty-firM embodiment of the information reproduc- 
ing system according to the present invention; 

FIG. 65 IS a block diagram showing a thirty-lirst embodi- 
ment of an information reproducing system according to the 
present invention; 

FIGS. 66 A and 66B arc diagrams showing the flow of a 
process in the thirty-tirst embodiment of the information 
reproducing system according to the present invention; 

FIG- 67 is a timing chart for eKplaining a two-system 
independent control of the intenor division ratio; 

FIGS. 68A and 68B are diagrams respectively showing 
dot codes recorded on an information .recording medium 
according to a third embodiment ot" the present invention; 

FIGS. 69A and 69B are diagrams respectively showing 
dot codes recorded on an information recording medium 
according to a fourth embodiment of the present invention; 

FIGS. 70A and 70B are diagrams respectively showing 
dot codb recorded an an mtbrmation recording medium 
according to a fifth embodiment of the present invention; 

FIG. 71 A is a diagram showing reference dots to be 
printed before an actual dot code is printed by an informa- 
tion reproducing apparatus according to a lirsi embtxiiment 
the present invention; 

RG. 71B is a diagram showing the cx^nirasi between the 
area of the reference dots shown in FIG. 71Aand a reference 
value; 

FIG. 72 is a block diagram .showing a tirst embodiment of 
an information recording apparatus according to the present 
invention; 

RG- 73 i.s a flow chart showing Jhe operation of the 
information recording apparatus according to the tirst 
embodiment of the present invention; 

RG. 74 is a diagram showing the operation of a second 
embodiment of the information recording apparatus accord- 
ing to the present invention. 

RG. 75 A is a diagram .showing the difference in the 
density between the background region and a reference dot 
according to a third embodiment of the information record- 
ing apparatus according to the present invention; 

FIG. 75B is diagram showing reference dots to be printed 
before an actual dot code is printed by an information 
recording apparatus according to a third embodiment of the 
present invention; 

FIG. 75C is a diagram showing the contrast between the 
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FKi. 78ALs diagram .showing reference dots to be printed 
before an actual dot code is pnnted by an information 
recording apparatus according to a fourth embodiment of the 
present invention; 

FIG. 78B is a diagram showing the contrast between the 
areas of the reference dots .shown in FIG. 78A and a 
reference value, 

FIG. 79 is a block diagram showing a fourth embodiment 
of an information recording apparatus according to the 
present invention; 

FIG. 80 is a flow chart showing the operation of the 
information recording apparatus according to the fourth 
embodiment of the present invention; and 

FIG. 81 is a block diagram showing a fifth embodiment of 
an information recording apparatus according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 



Embodiments of the present invention will now be 
described with reference to the drawings. 

Note that same structures, functions and processes umong 
the following embodiments are given the same reference 
""^ numerals. 

Initially, an information reproducing system will now be 
described. 

FIG. 4A IS a diagram showing the structure of a tirsi 
50 embodiment of the information reproducing system accord- 
ing to the present invention. A code reading section 10 reads 
a required dot code firom an information recording medium 
12 in which multimedia information including at least audio 
information, image information and digital code data Ls 
35 recorded in the form of a dot code which can optically be 
read. The code reading section 10 corresponds to the detec- 
tion section 184 and the scan conversion section 186 dis- 
cIo.sed in, for example, EP 0,670,555 Ai. A binarizing 
section 14 generates binarized data from a image signal 
4,} corresponding to the dot code read by ihe code reading 
section 10. The binarizing section 14 corresponding to the 
binarizing .section 188 and the threshold value determination 
circuit 226 disclosed in EP 0,670,555 At. .\n information 
reproducing section 16 restores and reproduces binarized 
45 data generated by the binarizing section 14 to original 
multimedia information, llie information reproducing sec- 
tion 16 corresponding to elements ensuing the demodulating 
section 190 disclosed in EP 0,670,555 AL 
The binarizing .section 14 according to ihe tirst 
50 embodiment, as shown in FIG. 4B, comprises, a reference 
dot detection section 14A, a dot area measuring section 14B, 
a threshold value modifying .section 14C and a threshold 
value determining section 14D. ilie reference dot detection 
.section 14A, prior to generating binarized data to be sup- 
5^ plied to the information reproducing section 16, binarizes an 
image signal supplied from the code reading section 10 with 
a predetermined threshold value, and then detects a refer- 
ence dot from the binarized cxide information. As the reter- 
ence dot to be described later, for example, a pattern dot 278 
areaof the reference dot shown in FIG. 71A and a reference f,,) may be employed. The dot area measuring section 14B 
value; mea.sures !he area of the reference dot detected by a refer- 

FIG. 76 is a block diagram showing a third embodiment ence dot detection section 14A. The threshold value modi- 
of an information recording apparatus according to the fying section 14C mod iJies the threshold value for use in the 
present invention, binarizing process in .such a manner that the area measured 

RG. 77 IS a flow chart showing the operation of the t>5 by the dot area measuring section 14B approaches a prede- 
informaiion recording apparatus according to the third lermined target value. Fhe threshold value determining 
embodiment of the present mvcntion; .section 14D binarizes the image signal with the threshold 
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value modi tied by the threshold value modifying section 
14C and thcci transmits the obtained hmarizcd data to the 
intbrmation reproducing section 16. 

Thai is, in the foregoing structure, the picked up reference 
dot is binarized with appropriate threshold value TH, as 
showQ in FIG. 5, In this case, ^ince change m the luminance 
as shown in FIG. 5 is obtained when a dot image has been 
picked up, the change is cut by a plane of an appropriate 
threshold value TH so thai the cross sectional is obtained as 
dot area S. If the dot area S is larger than a predetermined 
target value, the threshold value of the luminance is tnodi- 
fted to a smaller value so that threshold value plane TH' is 
obtained. As a result, the dot area S', which is a cross section 
obtained by cutting the lummance with the threshold value 
plane TH'/can be reduced. If the dot area S is smaller than 
the target value, the threshold value is modified to a larger 
value so that a larger dot area is obtained. 

As described above, the structure in which the threshold 
value is modified by using the dot area enables a binarizing 
process to be performed with a required dot size without 
dependency upon the cxpaasion and contraction of the dot 
attributable to the recording state. 

Even if the dot has anisotropy (if the dot is not in the form 
of a circle, but it is, for example, an ellipse), or if the dot has 
whisker-like noLse or stain, the binarizing process can accu- 
rately be performed. 

\ second embodiment of the information reproducing 
system according to the present invention will now be 
described. 

In the second embodiment, the binarizing section 14 
performs the process for binarizing an image signal read by 
the code reading section 10 in held or frame units. 

That is, as shown in FIGS. 6 A and 6B, the threshold value 
determining section 14D binarizes frame image data with an 
appropriate threshold value, the reference dot detection 
section 14A detects a reference dot, and the dot area mea- 
suring section 14B measures the area of the dot. Then, the 
threshold value modifying section 14C u.ses the area to 
modify the threshold value, and the threshold value deter- 
mining section 14D binarizes image data in the same frame 
with the foregoing threshold value. 

Since the threshold value of the same code image with 
which the reference dot area has been measured is raodiiicd 
to again perform the binarizing proce.ss, the binarizing 
process can be performed in such a manner that the dot area 
can accurately be adapted to a target value. 

A structure shown in FIG. 7 may be employed. That is, a 
comparator 14E is provided to subject the dot area measured 
by the dot area measuring section 14B and a taiget value to 
a comparison. Then, the threshold value is modifted by the 
threshold value modifying section 14C until the difference is 
made to be within a predetermined range. If the difference 
has been made to be within the predetermined range, bina- 
rized data transmitted from the threshold value determining 
section 14D is supplied to the following information repro- 
ducing section 16. 

That is, as .shown in FIG. 8, an appropriate threshold value 
th is used to binarize image data, and a reference dot is 
detected, and then its area S ts calculated (step Sll). Then, 
an absolute value of the difference between the calculated 
area S and target area is obtained and the obtained 
absolute value is compared with a predetermined threshold 
value TH {.step S12). If the absolute value of the difference 
is larger than the threshold value TH, whether the calculated 
area S is smaller than the target area is determined (step 
S13). If the area S is .smaller than the target area S^, the 



threshold value th for the binarizing prtx'css is enlarged by 
a predetermined amount Ath (step Si4). if the areaS Ls larger 
than the target area S„ the threshold value th is reduced by 
the predetermined amount Ath istep S15), and then the 

5 operation returns to step Sll. The above-mentioned process 
IS repeated unid the absolute value of the difference from the 
target area Ls made to be smaller than the threshold value 
TH. When the absolute value of the difference between the 
area S and the target area S^ is made to be smaller than the 

10 threshold value TH, a result of the binarizing process 
obtained bv using the threshold value th is transmitted (step 
S16). 

As described above, the modilication and the binarization 
of the threshold value are performed repeatedly until the 
measured dot area approaches the target value. When the dot 
area has satisfactorily approached the target value, the 
binarized data at this time is transmitted. Therefore, the 
binarizing process can be performed in such a manner that 
the dot area can accurately be adapted to the target value. 
-'^ A third embodiment of the information reproducing sys- 
tem according to the pre.se nt invention will now be 
described. 

In a case where the image of the dot code 170 is 
continuously picked up, the illumination stale and recording 

""^ state are not changed considerably among continuous 
frames. The third embodiment Ls structured by using the 
characteristic that ihe threshold value of the present frame 
can be determined by using the state of the prc%'ioasly frame 
That is, as shown in FIGS. 9 A and 98, the threshold value 
determining section 14D binarizes an image signal of the 
present frame with an appropriate threshold value for the 
binarizing process, the reference dot detection section i4A 
detects the reference dot in accordance with a result of the 
binarizing process, and then the dot area measuring section 
14B mea,sures the dot area. Then, the threshold value modi- 
fying section 14C uses the measured dot area to modify the 
threshold value, and the modified threshold value is stored 
by the threshold value storage section 14F so as lo be used 

, , when an image signal of the next frame is binarized. 

As described above, the ccxle reading section 10 continu- 
ously reads the dot code images, and the binarizing section 
14 modides the threshold values of the read and continuous 
image signals from the previous field or the previous frame 
in accordance with the delected area of the reference dot so 
as to binarize the present field or the present frame by using 
the modified threshold values. Therefore, in a case where the 
code images are successively read over a plurality of frames, 
the quantity of light and the recording conditions are not 
changed considerably and, therefore, the threshold value can 
be determined by making a reference to the value of the 
previous frame. Tlius, a memory for storing images can he 
omitted and a real lime process can be performed. 

A fourth embodiment of the information reproducing 

55 system according to the present invention will now be 
described. 

In a case where a reference dot, which cannot reliably be 
detected, or a reference dot having a stable area and thus 
having poor correlation with the data dots 282 has been 

{j.j selected, the data dots 282 cannot easily be allow to 
approach a required size. Accordingly, this embodiment uses 
the data dots 282 or an isolated dot recorded similarly to that 
of the data dots 282, tor example, an istdated dot having 
sub-stantially the .same size and the same .shape xs those of 

t,5 the data dots 2^2. 

For example, an isolated dot among data dots is searched 
to be used as the reference dot 18, as shown in FIG. lOA. 
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As an aitemaiive to this, as shown in FIG. lOB, a region 
for a reference dot is provided in another region for the data 
doLs 282 so as to record an isolated dot in the provided 
region so xs to be used as the reference dot 18. 

That is, a dot recorded in a state .similar to that of the data 
dots 282 is used as the reference dot 18 so that the data dots 
282 can reliably be allowed to approach a target area. 

That is, since the Lsoiaied dot does not interfere with 
another dot, the area can accurately be measured and ihe 
recording state approximates the data dots 282 which must 
be read. By using the binarizing state of the reference dot 18 
as a reference for determining whether the binarizing state is 
acceptable, an optimum binanzing state can be realized. 

The reference dot 18 may be disposed on the code at the 
leading end of the same as shown in FIG, LIA, or the same 
may be repeated at intermediate positions of the code, as 
shown in FIG, UB, 

A fifth embodiment of the information reproducing sys- 
tem according to the present invention will now be 
described. 

According to the tifth embodiment, the dot code 170 
recorded on the information recording medium 12 comprises 
a data code 20 corresponding to multimedia information and 
a pattern code 22 for determining a position at which the 
data code 20 is read. Moreover, at least a portion of the 

J pattern code 22 is used as the reference dot 18. The pattern 
code 22 has been described m detail in U.S. Ser. No. 

i 08/571,776 (corresponding to EP 0,717,398 A3) tiled by the 
applicant of the present invention. 

^ Specifically, the pattern dot 278 in the pattern code can be 
used as the reference dot 18, as shown in FIG. 12. 

;| That is, data dots 282 in the data code 20 have centers 
disposed in a lattice configuration. To decrease reading 

Z errors, the reading points must accurately be aligned to the 
lattice points. Accordingly, the code reading section 10 
having the structure as shown in FIG. 13 uses the pattern 

=1 dots 278 in the pattern code 22 to accurately determine the 

!| reading points. 

\l That is, a marker detection section 24 detects the marker 
174, and a marker center calculating section 26 calculates 

1 the centroid of the marker 174. Since the calculated specific 
centroid is, at this time, unsatisfactory in a viewpoint of 

' accuracy to .serve as a reference point for reading data dots 
recorded deasely, it is called a "substantial center". To 
improve the accuracy, a pattern dot detection section 28 
detects the pattern dots 278 from the above-mentioned 
substantial center in accordance with a known code formal. 
The centroids of the pattern dots 278 are calculated by a dot 
center calculating section 30. By using distribution of the 
positions of the ceniroids, the reading reference point cal- 
culating section 32 calculates reading reference points. The 
reading reference points exhibit satisfactory accuracy 
because the error in each centroid can be averaged by ihe 
number of the pattern dots. Therefore, the reading reference 
point is called a true center. Then, a reading point calculating 
.section 34 equally divides the distance between the thus- 
obiained true centers in accordance with the code format as 
shown in FIG. 14 to obtain reading points so as to read the 
data dots 282. 

FIG. 15 is an enlarged view of a peripheral portion of the 
data dot 282 obtained when the image of the data code 20 
has been picked up by a CCD and then it has been binarized. 
On Ihe surface of the CCD, a dot recorded densely cannot be 
picked up in the form of a circular shape and black pixels are 
formed in only regions in which the dots overlap the CCD 
pixels by half or greater. Therefore, to decrease reading 
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errors, the portion m the vicinity of the cetiterof the dot, on 
which the state of the dot is reficcted must be read. Thus, the 
foregoing process is required. The processes to be performed 
bv respective processing sections may be those disclosed in, 
for example, U.S, Ser. No. 08/57U776 corresponding to EP 
0,717,398 /\3. 

The marker center calculating section 26 and the dot 
center calculating section 30 are able to calculate the cen- 
troid by dividing the total .sum of coordinates of black pixels 
forming the dot by the total sum of the black pixels, that Ls, 
the area of the dot as shown in FIG. 16. 

As described above, since the pattern dot 278, which is a 
portion of the pattern code 22, ls an isolated dot having 
substantially the .same size and the same shape as those of 
the data dots 282 and the code reading section 10 calculates 
its area tor detecting the centroid in order to determine the 
reading positions, the process to be performed by the ref- 
erence dot detection section 14Aand that to be performed by 
the dot area mea.suring section 14B can be made to be a 
common process. Therefore, the elficiency can be improved. 

As an alternative to this, the marker 174 in the pattern 
code may be used as the reference dot 18, as shown in FIG. 
17. 

That is, since the marker 174, which is a portion of the 
pattern code 22. is detected in an initial stage of the reading 
process and its area has been calculated to detect the centroid 
for determining the position, use of a result of the calculation 
enables the process to be performed efficiently. 

A sixth embodiment of the information reproducing sys- 
tem accord mg to the present invention will now be 
described. 

In the sixth embodiment, the dot area mea-suring section 
14B is, as shown in FIG. 18, composed of a dot interval 
me a.suring circuit 14B1, a dot area measuring circuit 14B2 
and a dot area correction circuit 14B3. The dot interval 
measuring circuit 14B1 measures the distance between 
predetermined dots forming the pattern code 22, for 
example, that between markers. The dot area measuring 
circuit 14B2 measures the area of the pattern dots 278 
forming the pattern code 22 which is the reference dot 18. 
The dot area correction circuit 14B3 corrects the area or the 
target value of the reference dot 18 measured by the dot area 
measuring circuit 14B2 in accordance with the interval 
between dots measured by the dot interval measuring circuit 
14B1. 

That is, as shown in FIG, 19, a pair of markers is detected 
as interval measunng dots 38, the interval between which 
must be mca.sured, to calculate, distance 1 between the 
markers. Since a plurality of pairs of markers can be 
.searched usually in one image pickup area (a frame), an 
average distance between markers obtainable by calculating 
the average value is used as reference dot inter%'al L. 
Assuming that the area before the correction Ls S, corrected 
area S' can be obtained, for example, as follows: 



0*) As described above, the distance between dots in a code 
having a predetermined positional relatioaship is measured 
Then, in accordance with the measured distance, at least 
either of the area of the reference dot 18 or the target value 
of the same is corrected so that change in the dot area 

t>5 occurring due to upward or downward movement or distor- 
tion of Ehe camera is corrected. As a result, the area can 
stablv be measured. 
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Moreover, even it the magniftoauon of the optical system 
LS changed, a required operation can be performed. 
Moreover, d code (tor example. 50 im or 60 iim) printed at 
a different printing magnitication can be read. 

A seventh embodiment of the information reproducing 
systcai according to the present invention will now be 
described. 

The seventh embodiment is arranged such that the refer- 
ence dot detection section 14A delects a piuraiity of refer- 
ence dots 18 and the dot area measuring section 14B 
calculates the average area of the detected plural reference 
dots 18, 

That is, as shown in FIG. 20, a dot area measuring circuit 
14B4 measures the area of each reference dot 18. a dot 
counting circuit 14B5 counts the number of the reference 
dots 18, the area of each of which has been measured, and 
an average area calculating circuit 14B6 divides the total 
sum of the areas of the reference dots 18 by the number of 
the reference dots 18 to calculate the average dot area. 

In a case v^hcrc the reference dot 18 is sampled by plural 
pixels in the longitudinal and lateral directions, the area of 
the reference dot 18 cannot stably be calculated becau.se of 
the relative position of the reference dot IS with respect to 
the pixel and noise. Tliereforc, the area, which is used as the 
reference of the hinarizing process, cannot stably he calcu- 
lated- Accordingly, the seventh embodinnent has a structure 
such that a plurality of reference dots 18 are previously- 
recorded, and then the reference dots 18 are detected. Then, 
a process for averaging the plural reference dots 18 is 
performed to improve the reliability. That is, the average 
area of the plural reference dots IS is calculated so that 
influence of change in the area and noise occumng due to 
the positional relationship can be set off. Thus, the area can 
further accurately be calculated. 

An eighth embodiment of the information reproducing ^l^^t ^^^^ not performed if the reference dots 18 satisfying 
system according to the present invention will now be tj^g conditions cannot be delected by a number not less than 
described. a predetermined number. 

In addition to the structure according to the seventh As shown in FIGS. 25 and 26, the threshold value 
embodiment, the eighth embodiment has an addilionaLstruc- modifying section 14C supplies, to a threshold value modi- 
ture arranged such that the area of sum reference dot 18 is fication selection circuit 14Clfl forming a threshold value 
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If the calculated areaS, is included in the foregoing range, 
the calculated area S is atidcd to the value of the register SS, 
and the value of the register S'""" calculated by the dot 
counting circuit 14B5 is increased (.step S25), and then the 
operation returns to step S22. 

After detection has been completed, the average area 
calculating circuit 14B6 divides the value of the register SS 
by the value of the register so that average area S^^^ is 
calculated (.step S26). 

If dot area S4 is thickened attributable to blumng and dot 
area S7 is thinned attributable to patchy portion, the area 
is larger than second threshold value TH-. and the area is 
smaller than first thre-shold value THf Therefore, the dot 
selection section 14B7 rejects the foregoing areas from 
calculation of the average area. Therefore, the number of 
dots \vhich is counted by the dot counting circuit 1485 is six. 
that IS, Sj, S^. S3, S5, and S^. The average area to be 
calculated by the averse area calculating circuit 14B6 Ls the 
average of the sL\ areas. 

By excluding the dot areas calculated erroneou.sly attrib- 
utable to a stain, a patchy portion or blunring as described 
above, the average area can .stably be calculated. 

A ninth embodiment of the information reproducing sys- 
tem according to the present invention will now be 
described. 

The reference do! 18 cannot correctly be detected attnb- 
-utablc to noLse or the like in an inappropnaie priming state 
or image pickup state. If the threshold value is modified to 
correspond to the reference dot 18 detected in ihe foregoing 
state, an inappropriate threshold value is set. The reference 
dot 18 cannot be detected from an image hinarized with the 
inappropriate threshold value and restoration to a normal 
threshold value is sometime inhibited. 

Accordingly, the ninth embodiment has a structure such 
that modification of the threshold value with the reference 



excluded from the calculation for obtaining the average area 
if the measured area of the some reference dot 18 is larger 
than a predetermined range. 

As shov/n in FIG, 21, a dot selection section 14B7 is 
provided to cau.se the dot counting circuu 14B5 to perform 
the counting operation and the average area calculating 
circuit 14 B6 to perform the average area calculating opera- 
tion only when the area of the reference dot 18 measured by 
the dot area measuring circuit 14B4 is included in a prede- 
termined range. 

.As shown in FIG. 22, regisicfs SS and S„„„, are initialized 
to "0'' (step S2i), and then whether or not detection has been 
completed is determined (step S22). If detection has not 
been example ted, area S of the i-th reference dot 18 is 
calculated by the dot area measuring circuit 14B4 (step 323). 
Then, the dot selection section 14B7 determines whether or 
not the calculated area S, is included in a predetermined 
range, that is, from first threshold value TH^ and second 
threshold value TH. (step 824), Note that assumptions are 
performed that TH^ and TH. hold a relationship as 
TH,<TH., as shown in FIG 23' 

If the calculated area S is not included in the foregoing 
range, a determination is performed that the calculated area 
S is a dot area calculated erroneously attributable to a .stain 
or blurring. Thas, the area S is deleted, and then the 
operation returns tasiep S22 so that the operation proceeds 
to process a next reference dot 18. 



holding section 14C1, the total sum S„„„, of the reference 
dots 18 counted by the dot counting circuit 14B5 of ihe dot 
area measuring section 14B 10 determine whether the total 
sum S,„,„, is larger than third threshold value TH3 (step S3 1) 
45 If the total sum S„„^ is not larger than the third threshold 
value rH3, the operation for modifying the threshold value 
which is pcrtbrmed by the threshold value modifying circuit 
14C2 is not performed but threshold value th stored in a 
threshold value stored circuit l4Clb Ls transmitted (.step 
50 S32). If the detected total sum S„„,,, is larger than the third 
threshold value TH3, the threshold value modifying circuit 
14C2 performs the threshold value modifying ope radon 
(-f Alh) -SO as to transmit modified threshold value th I step 
833). 

55 If the reference dots 18 are twelve pattern dots 278 
disposed between markers and if six blocks 272 arc placed 
in one image pickup area (a frame), 96 reference dots are 
detected. When scanning is started, the image pickup opera- 
tion starts in a state where the dot code 170 is substantially 
b*) introduced into the image picicup area, llius, there is a risk 
that the moditication of the threshold value starts at an 
unsatisfactory reference dot 18. Accordingly, it is preferable 
that the third threshold value TH3 be dots for about two 
blocks, that is, about 48 (12x4) dots. However, lack of one 
or two dots iometimcs takes place for some reason or other, 
dots by a number larger than 40 are detected in this embodi- 
ment. 
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As described above, by employing the structure sach thai 
the threshold value is not modified if ihc satistactory number 
of reference dots 18 cannot he detected, the reliability of the 
threshold value can be maintained. Thai is, since the image 
of the block 272 cannot satisfactorily be picked up when 
scanning is started, moditication of the threshold value in the 
foregoing state sometimes deteriorates the result. Thus, 
modification of the threshold value is inhibited in the 
foregoing case so as lo maintain the reliability. 

A tenth embodiment of the information reproducing sys- 
tem according to the present invention will now be 
described. 

According to the tenth embodiment, the threshold value 
modifying section 14C comprises a peak value detection 
section 14C3. an interior division ratio modification section 
14C4 and a threshold value calculation section 14C"5, as 
shown in FIG. 27. The peak value detection section 14C3 
detects the maximum and minimum values of the luminance 
from a predetermined region to be detected. The interior 
divisioti ratio moditication section 14C4 modiftes the inte- 
rior division ratio in accordance with the amount of modi- 
fication of the intenor division ratio calculated from the 
difference between the area mciisurcd by the dot area mea- 
suring section 14B and a predetermined target value. The 
threshold value calculation section 14C5 divides the value 
I delected by the peak value detection section 14C3 by the 
1 interior division ratio modi tied by the interior divLsion ratio 
f modilication section 1404 so as to calculate the threshold 
I value. 

I With the foregoing structure, the peak value detection 
:,: section 14C3, as shown in FIG. 28, detects, from image data, 
% maximum value max and minimum value min which are 
: peak values (step S41). The threshold value calculating 
^ section 14C5 interiorly divides ihe peak values by interior 
division ratio k so as to calculate the threshold value ih (step 
S42). That is, the threshold value th can be calculated as 
follows: 



//;=i'(max-iniR)+mm 



Note that the interior division ratio k is a ratio modified and 
stored by the interior division ratio modification section 
14C4 as described later. 

Thus, the reference dot 18 binarized by the calculated 
threshold value ih is delected by the reference dot detection 
section 14A, the dot area measuring section L4B calculates 
its area S (step Sll), and the interior division ratio modifi- 
cation section 14C4 modifies the interior division ratio k in 
accordance with the amount of moditication of the interior 
division ratio calculated from the difference between the 
calculated area S and target value (step S43). That is, a 
value obtained by adding, to the interior division ratio k, the 
amount of modification obtained by multiplying the differ- 
ence (S^-S) between the calculated area S and the target 
value S, by a predetermined coefficient a is employed as a 
new interior division ratio k. The thus-obtained updated 
interior division ratio k is stored (step S44), and then the 
operation returns to step S42 so thai ihe threshold value Ih 
is updated. 

As described above, the threshold value th which is 
updated for each frame is .supplied to the threshold value 
determining .section 14D, and a result of the binarizing 
process is supplied to the information reproducing section 
16 (.step S16). 

When the interior division ratio Ls modilied as described 
above, the threshold value is able to easily follow change in 
the quantity of light as compared with the direct modifica- 



tion of the threshold value. Therefore, the amount of modi- 
fication of the interior division ratio is reduced and conver- 
gence is performed quickly. Since the dot area does not 
depend on the change in the quanlity of light, the binarizing 
5 process can stably be performed while reflecting the stale of 
recording of the dot code 170. 

The tenth embodiment mav be arranged as shown in FIG. 
29. 

That is, the peak value detection section 14C3 detects, 
from image data, maximum value max and minimum value 
min which are the peak values (step S41). Then, the thresh- 
old value calculating secdon 14C5 interior-divides the peak 
values by the interior division ratio k so that the threshold 
value th is calculated (step S42). A reference dot 18 bina- 
rized with the threshold value th is detected by the reference 
dot detection section 14A, and the dot area measuring 
section i4B calculates its area S (step Sll). 

Then, the interior division ratio modification section 14C4 
determines whether the difference between the calculated 
area S and the target value S, is smaller than a predetermined 

:o value e, (step S45). If the difference is smaller than the 
predetermined value the foregoing threshold value th is 
supplied to the thre.sho Id value determining section 14D so 
that a result of the binarizing process performed b\ the 
threshold value determining section i4D is supplied to the 

15 information reproducing section 16 (step S16). 

If the difference is not smaller than the predetermined 
value the interior division ratio is modified. In this case, 
whether or not the calculated area S is smaller than the target 
value (step S13) is determined. If the calculated area S is 

30 smaller than the target value S^, the interior division ratio is 
increased by Ak (.step S46). If the calculated area S Ls not 
smaller than the target value the interior division ratio is 
decreased by Ak (step S47). 
As described above, ihe peak values are detected from the 

3-5 image signal, the threshold value is calculated with the 
initial interior division ratio, binarization is performed with 
the threshold value, the reference dot 18 is delected to 
measure its area, whether or not the difference between the 
calculated area and the target value Ls smaller than a pre- 

Ai) determined value is determined, if it is smaller than the 
predetermined value, then binarized data at this time is 
transmitted, if it is not smaller than the predetermined value, 
then the interior divi.sion ratio is modified to again calculate 
the threshold value so as to binarize it. The foregoing 

45 repetition enables binarization of the target dot size to be 
reliably performed. 

An eleventh embodiment of the information reproducing 
system according to the present invention will now be 
described. 

5i) In Ihe eleventh embodiment, if the minimum value of the 
luminance Ls smaller than the threshold minimum value 
TH„,„„ a determination is, as shown in FIG. 30, performed 
that the dot code 170 does not exist and only the image of 
the surface of the information recording medium 12 is 

55 picked up so that the process is interrupted. If the maximum 
value of the luminance Ls smaller than the threshold maxi- 
mum value TH^^^, a determination Ls performed that the dot 
code 170 is not sufficiently irradiated wlih light and process 
is interrupted also in this case. 

60 When the dot code 170 is scanned by a handy scanner, the 
image of the dot code 170 cannot be picked up in a plurality 
of leading and trailing frames among the plurality of the 
franies 40 which can continuously be obtained, thus causing 
a possibility to arise in that ftiU white image being formed, 

tp5 as shown in FIG. 31. If the scanner is moved upwards during 
the scanning operation, there is a possibility that a full black 
image is picked up. 
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Accordingly, the eleventh cmbodiincnt is stmciured such 
thai when the maximum value and a minimum value of ihc 
luminance have been detected trom a predetermined region 
and when the detected values are larger tban predetermined 
ranges, a determiaation is performed that the image of the 5 
dot code 170 is aoi correctly picked up aad the tbilowing 
process is iatccnipttd. As a result, processes of an inappro- 
priate screen ibr reading the dot code 170 can be interrupted. 
Thus, a wasteful process can be omitted and the process 
speed can be raised. lo 

FIG, 32 is a diagram showing the structure of the eleventh 
embodiment. A peak value detection circuit l4C3a detects, 
from image data, maximum value max and minimum value 
min which are peak values. A comparator 14C36 subjects the 
detected minimum value mia and the threshold minimum X5 
value TH,„j„ to a comparison. A comparator i4C3c subjects 
the delected maximum value max and the threshold maxi- 
mum value TH„,^^ to a comparison. An OR gate l4C3d 
transmit, to the foiiowing unit, a reading control signal to 
instruct interruption of the foiiowing processes of the subject 10 
frame if a result of the comparison performed by the 
comparator 14C36 is such that the minimum value min is 
larger than the threshold minimum value TH,„„, or a result 
of the comparison performed by the comparator i4C3c is 
such thai the maximum value max is smaller than the :5 
threshold maximum value TH,„^^.. 

FIG. 33 <;hows a flow chart for realizing the foregoing 
.structure by a software manner. Initially, whether or not the 
process of the overall frame has been completed is deter- 
mined (step S5l). If the process has not been completed, the .^o 
maximum value max and the minimum value min, which are 
the peak values, are detected from image data (step S41). 
Then, whether or not the minimum value min is larger than 
the threshold minimum value TH„„„ is determined (step 
S52). If the minimum value min Ls larger than the threshold 35 
minimum value TH^„,,. the operation returns to .step S5l so 
that a determination whether or not a next frame exists is 
performed. 

If the minimum value min is not larger than the threshold 
minimum valut TH„,^,, whether or not the detected raaxi- 4t} 
mum value max is smaller than the threshold maximum 
value TH,„^^^ is determined (step S53). If the maximum value 
max is smaller than the threshold maximum value TH.„^^., 
the process ot* the subject frame is interrupted and operation 
returns to step S5l so that a determinalioa whether or not a 4.^ 
next frame exists is performed. 

If the maximum value max is not smaller than the 
threshold maximum value TH,„^^., the foregoing binarizing 
process and the reading process are performed (step S54), 

A twelfth embodiment of the information reproducing 5«) 
system according to the present invention will now be 
described. 

In this embodiment, as shown in FIG. 34, the peak value 
detection section 14C3 has a selective average value calcu- 
lating section 14C3£? disposed in front of the peak value 55 
detection circuit I4C3tf, the selective average value calcu- 
lating section 1403*^ being structured to calculate the abso- 
lute value of the dillercnce between adjacent pixels of the 
pixel of initrresl. Only when a resuU of the calculation is 
smaller than a predetermined threshold value, ihe selective w 
average value calculating section 14C36? calculates the aver- 
age value of the adjacent pixels. The peak values are 
delected from the calculated average value ot: luminance. 

If the image pickup section 204, for example, a CCD 
includes a defective pixel when the image of the dot code b? 
170 is picked up, the output of the pixel is changed consid- 
erably and adversely aiiects the peak value detection. 



Accordingly, the twelfth embodiment has a structure such 
that ihc amount of change of the pixel values adjacent to the 
pixel of interest us obtained. If the amount is smaller than a 
predetermmed threshold value, the average value of the 
OLKei values is supplied io the peak value deiectioo circuit 
l4C3fl. 

FIG. 35 is a flow chart of the operation of the twelfth 
embodiment. Initiaiiy, whether or not the peak value detec- 
tion circuit 14C3i7 has completed detection of the peak 
values in one frame is determined (step S61). If the detection 
has not been completed, the absolute value of the dilTerence 
between the front and rearward pixels of the i-th pixel v- of 
interest, that is, y,-_i and y,^^ is obtained. Then, whether or 
not the absolute value is smaller than Ibunh threshold value 
THa is determined (step S62). If the absolute value is not 
smaller than the fourth threshold value TH4, a determination 
is performed that the pixel value of the pixel y^- is not a 
maximal value and therefore the peak value detection circuit 
l4C3rt docs not detect the maximum and minimum values 
Then, the value of the 1 register is incrca.scd (step S63), and 
then the operation proceeds to a process of a next pixel. 

If the absolute value of the difference between the pixel 
values y__ J and y^^^ is smaller than the fourth threshold value 
Til 4. a determination Ls performed that the foregoing portion 
is a portion in which the maximal value is obtained. Thus, 
average value avg is calculated (step S64). The average 
value avg can be calculated as follows: 



Whether or noE the calculated average value avg is smaller 
than the minimum value min obtained in the previous 
process of the foregoing pixel is determined by the peak 
value detection circuit i4C3a (step S65). (f the average 
value avg is smaller than the minimum value min. the 
average value avg is employed as a new minimum value min 
(step S66). Then, the operation proceeds to step S63. If the 
average value avg Ls not smaller than the minimum value 
mm, whether or not average value avg is larger than maxi- 
mum value max obtained in the process of the previous pixel 
is determined (step S67). If it is larger than the maximum 
value max, the average value avg Ls employed as a new- 
maximum value max (step S68). If it is not larger than the 
maximum value max, the operation proceeds to step S63 
while employing the original maximum and minimum val- 
ues. 

As described above, if the image pickup .section 204 has 
a defective pixel during the reading operation, erroneous 
detection of the peak values can be prevented. That Ls. 
considerable change in the output attributable to the defec- 
tive pixel can be prevented and the influence of a small 
change attributable to noise can be eliminated, 'ilius, the 
peak values can stably be detected. 

A thirteenth embodiment of the information reproducing 
system according to the present invention will now be 
described. 

The thirteenth embodiment, as shown in FIG. 36 A, has a 
structure such that the interior division ratio modilication 
section 14C4 compri.ses a interior division ratio modihcation 
amount table 14C4rt. Thus, the measured dot area S and a 
predetermined target value S, are u.sed to determine the 
interior division ratio modihcation amount Ak in accordance 
with the interior division ratio modihcation amount lable 
UC4a. 

llie interior division ratio modilicahon aniount table 
l4C4ii Ls stfiiciured, for example, as shown in FIG. 36B. 
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Thus, it* ihe dot arej S is 7 i) and the target vaiuc S, us 8.0, 
an amount ol: moditicauon of 0.13 is ol>taincd and transmit- 

ted- 

By obtaining the interior division ratio modification 
amount Ale from the tabic as described above, ijalcuiations 
can be omitted and approxiniation to an oplimuoi interior 
divisioa ratio can be realized by only one operation. 

Atburieenih embodiment of the information reproducing 
system according to the present invention will now be 
described. 

The tburteeath embodiment has a structure such that the 
interior division ratio modification section 14C4 uses a 
predetermined coefficient a, the dot area S and the tai^et 
value to calculate the interior division ratio modification 
amount Ak in accordance with the following equation: 

If the dot area S and the interior division ratio k has a 
linear relationship as shown m FIG. 37, the modification 
amount Ak can be obtained from the relationship between 
the dot area S and the target value S, by using the foregoing 
linear equation. 

By calculating the interior division ratio modification 
amount Ak by using the linear equation, the memory for 
storing the table according to the thirteenth embodiment can 25 
be omitted, the calculation can be facilitated and thus the 
size of the hardware can be reduced. 

A fifteenth embodiment of the information reproducing 
system according to the present invention will now he 
described. 

In the fifteenth embodiment- the foregoing coefficient a is 
not a tixed value. The coefficient a is made lo be the same 
vaiuc as that in the previous modilication or a smaller value 
during repetition of the modification of the interior division 
ratio. 

In a case where the dot area S and the interior division 
ratio k have a relationship as indicated by a thick line A 
shown in FIG. 38 and in a case where the dot area S obtained 
from binarization of the first frame with a certain interior 
division ratio k^ is located at a position indicated by a dashed 
line B, the modification amount Ak^ is calculated from the 
foregoing value in accordance with inclination lla^, for 
example, *'l/I6"\ As a result, the interior division ratio k at 
the second frame is made to be kf, and the measured dot area 
S Is located at a position indicated by dashed line C. Then, 
the modification amount Ak^ is calculated in accordance 
with inclination l/a-., for example, "1/32". As described 
above, graduate approach to the target value is performed. 

M described above, a relatively latter coefficient a is 
employed in the initial stage of the modification so that the 
convergence Ls completed quickly and the following up 
characteristic can be improved, if a large value is employed 
in the latter half of the modification, convergence is inhib- 
ited and oscillation takes place. Therefore, a Ls gradually 
reduced as the process proceeds to the latter half of the 
modification so that oscillation is prevented. 

FIG. 39 is a flow chart of the fifteenth cmbodiment. 

The interior division ratio modification section 14C4 
determines whether or not the value of the reference dot 
number register S„„,„ measured by the dot area measuring 
section 14B is larger than the third threshold value TH3 (step 
vS3l). If the value is not larger than the third threshold value 
TI4^,, the interior division ratio k is not modified (step S71) 
and transmitted to the threshold value calculating section 
14C5. 

If the value is larger than the third threshold value 'IH^, 
count register count Ls increa.sed (step S72), and then a 
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determination is performed whether or not the value of the 
count register count is larger than fifth threshold value TVU 
(step S73). If the value is not larger than the hfth threshold 
value TH5, the operation proceeds to step S7L If the value 
5 is larger than the tifth threshold value TH5, the value ot a 
reference dot total area register SS measured by the dot area 
measuring section i4B is divided by the value of a reference 
dot number register S,„,„, .similarly measured by the dot area 
measuring section i4B so as to average area S^,.^ is calcu- 
10 lated (step S26), 

Simultaneously, the interior division ratio modification 
section L4C4 determines whether or not the value of the 
foregoing counter register count is larger than sixth thresh- 
old value TH^ (step S74). If the value is not more than the 
15 sixth threshold value TH^, that is, by making the threshold 
value TH(, is made to be "'i", the coefficient a is set such that 
ai«l/l6 at the tirst modification (step S75). If the value is 
larger than the sixth threshold value TH^,, that Ls, in the 
second and ensuing modifications, the coefficient a is .set 
:i) such that a.^I/32 (step S76). 

Mter the average area S^,^, and the coefficient a have been 
determined, a value obtained by multiplying the difierence 
between the target value and the average area S^,,^ (thai 
Ls, S,-S^,^) by the foregoing coefficient a is added to the 
present interior diVLsion ratio k .so that a new interior 
division ratio k Ls obtained (step S77) and transmitted to the 
threshold value calculating section 14C5. 

As described above, a relatively large coefficient is 
employed in the initial .stage of the modification so that the 
30 following up characteristic is improved. In the latter half of 
the modification in which the interior division ratios have 
been converged, a relatively small coefficient is employed so 
that oscillation Ls prevented. 

A sixteenth embodiment of the information reproducing 
system according to the present invention will now be 
described. 

In the sixteenth embodiment, the interior division ratio k 
is, as shown in BG. 40, changed m a stepped manner and a 
hysteresis characteristic is provided. 

By changing the interior division ratio k in the stepped 
manner, rapid change of the interior division ratio k, which 
is changed attributable to, for example, noise can be pre- 
vented. Although the portion of the descending portion of 
the step Ls sometimes considerably changed attributable to 
45 somewhat noise, the hysteresis characteristic is provided for 
the foregoing portion so that the interior division ratio k for 
this portion is stably determined. 

By changing the interior division ratio in the step manner, 
calculations can be facilitated and the size of the hardware 
50 can be reduced. Since the hysteresis characteristic is 
provided, change caused by noise can be prevented and 
therefore the binanzing process can .stably be performed. 

A .seventeenth embodiment of the intormation reproduc- 
ing system according to the present invention will now be 
55 described. 

The seventeenth embodiment Ls .structured such that the 
modification of the interior division ratio k ts performed 
such that whether or not the modified interior division ratio 
is included in a predetermined range is determined, and if 
00 the interior division ratio is not included in the range, it is 
clipped. 

That is, the interior division ratio k, as shown in FIG. 41. 
has continuous values from "0" to " 1". In a portion in which 
the interior division ratio k approximates "0", the threshold 
05 value has a value near the minimum value min. In a portion 
in which the interior division ratio k approximates "1", the 
threshold value has a value near the maximum value max. 
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Since the foregoing binarizing operation is however consid- 
ered not to DC a iionnal binarizing operation, the value of the 
modified interior division ratio k is made to be a predeter- 
tnlQed value as described above, tor example, to 
"25/32". It' the value is not less than "25/32", ail of the 5 
values are tLxed to *'25/32". if ihe value is less than "10/32", 
all of the values are lixed to '10/32". 

FIGS. 42 and 43 are a block diagraoi and an operation 
dow chart of the seventeenth embodiment. 

In this embodimem, the intenor division ratio modifica- id 
tion section 14C4 comprises an intenor division ratio raodi- 
acation circuU 14C4/7 and an interior division ratio limiting 
section 14C4c. When the interior divLsion ratio modiftcation 
circuit I4C46 has added the modilication amount Ak so that 
the interior division ratio k has been modified (step S46), a 15 
determination is performed whether or not the modified 
interior division ratio k is larger than seventh TH7, for 
example, "25/32" (step S8l). If the modified interior divi- 
sion ratio k is larger than "2502", the interior division ratio 
k is set to the seventh threshold value TH, (step S82) and it :o 
is transmitted to the threshold value calculating section 
14C5- 

If the value is not larger than the seventh threshold value 
TH7, a determination is performed whether or not the 
modified interior division ratio k is smaller than ei^th :5 
threshold value THs, for example, " 10/ 3T" (step S83). If the 
modified interior division ratio k is smaller than the eighth 
threshold value TH^, the interior division ratio k Ls set to the 
eighth threshold value TH« (step S84) and it is transmitted 
to the threshold value calculating section 1405. 30 

If the value is not smaller than the eighth threshold value 
THj^, the interior division ratio k modified by the interior 
division ratio modification circuit l4C4fc is as it is trans- 
mitted to the threshold value calculating section L4C5. 

By clipping the interior division ratio k by a predeter- 35 
mined value, output of abnormal interior division ratio k 
owning to a stain, a patchy portion and blurring can be 
prevented and thus stable mterior division ratio k can be 
transmitted. 



M eighteenth embodiment of the information reproduc- 40 section I4C5. 



value TH3) (step S31). If [he number is less than the 
predetermined number, the interior division ratio k stored in 
the interior division ratio storage circuit I4C4i^2 is trans- 
mitted to the threshold value calculating section 14C5 (step 
S71). If the number is larger than the predetermined number, 
the interior division ratio modification circuit 14C46 modi- 
fies the interior division ratio k, that is, the interior division 
ratio modification circuit 14C4^ generates a new interior 
division ratio obtained by adding the interior division ratio 
modification amount Ak (step S46) and transmits the same 
to the threshold value calculating section i4C5, 

When a satisfactorily large number of reference dots 18 
cannot be detected as described above, the modification of 
the interior division ratio is inhibited so that the reliability of 
the interior division ratio is maintained. 

A nineteenth embodiment of the information reproducing 
system according to the present invention will now be 
described. 

In the nineteenth embodiment, the interior division ratio 
modification section 14C"4 modifies the interior division 
ratio until a tie Id or a frame which satisfy a predetermined 
condition for continuous image signals read by the code 
reading section 10 is obtained. In the following field or 
frame, the modified interior division ratio is maintained. 

As shown in FIG, 46, whether or not the number cx>unted 
by the dot area measuring section 14 B satisfies a predeter- 
mined number (the third threshold value TH^) is-detcrmmcd 
(step S3l). If the number is smaller than the predetermined 
number, the interior division ratio k is not modified and it is 
transmitted to the threshold value calculaung section 14(^5 
(step S71), 

If the number is not less than the predetermined value, the 
counter register count is increased (step S72), and then 
whether or not the value of the counter register count is 
smaller than a predetermined threshold value TH is deter- 
mined (step S9l). If the value is smaller than the predeter- 
mined threshold value TH,„^ the interior division ratio 
modification amount Ak is added to the present interior 
division ratio k so that a new interior division ratio k is set 
(step S46) and transmitted to the threshold value calculafing 



ing system according to the present invention will now be 
described. 

The reference dot 18 cannot correctly be detected in an 
inappropriate printing condition or the image pickup con- 
dition. If the intenor division ratio is modified to correspond 
to the area of the reference dot 18 which has been detected 
in the foregoing stale, an inappropriate interior division ratio 
can be set. The reference dot 18 cannot sometimes be 
detected from the image binarized with the foregoing inte- 
rior division ratio and thus restoration to a normal interior 
division ratio is sometimes inhibited. 

Accordingly, the eighteenth embodiment has a structure 
such that the interior division ratio is not modified m the 
foregoing state to calculate a stable interior division ratio. 

pfGS, 44 and 45 are a block diagram and an operation 
fiow chart of the eighteenth embodiment. 

The intenor division ratio modification section 14C4 
comprises an interior division ratio modification circuit 
14046 and an interior division ratio holding section i-iCAii. 
The interior division ratio holding section lAC-ki has an 
interior division ratio modification selection circuit 140-^1 
and an interior division ratio storage circuit 14C4t/2. In the 
intenor division ratio modification selection circuit I4C4</1, 
a determination is performed whether or not the number of 
the reference dots 18 detected by the reference dot detection 
section I4A and counted by the dot area mea.sunng section 
14 B satisfies a predetermined number (the third threshold 



The tbregoing process is repeated until the value of the 
counter register count is not less than the predetermined 
threshold value TH^.^^. Then, the operation proceeds to step 
S7l so that the interior division ratio k is not modified and 
45 iransmiiied to the threshold value calculating section 14C5. 
That Ls, the number of the frames in which a sufficiently 
large number of dots have been detected is counted. If the 
number Ls smaller than the predetermined threshold value 
THcnt, the interior division ratio k is modified. If the count 
51) Ls not less than the predetermined threshold value TH^,,,^ after 
the foregoing process has been repeated, a determination is 
performed that the interior division ratio k has been satis- 
factonly modified and converged, llius, the intenor division 
ratio k is not modified in the following frames 40. 
55 Since the recording condition is not considerably changed 
during the reading operation in a case where the dot code 
images are continuously read, the moditication of the inte- 
rior division ratio with which the recording condition is 
corrected ts completed in the first half of the frames 40. 
(3t) Thas, the following moditication is inhibited so that a 
wasteful process is reduced and erroneous modification 
caused from noise Ls prevented. 

A twentieth embodiment of the information reproducing 
system according to the present invention will now be 
f)5 described. 

In the twentieth embodiment, attitude dots 42 including 
information about the subject information recording 
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medium 12 for delerminmg the threshold value For the 
binarizing section 14 are recorded in a predetermined region 
of the dot code 170 at a position near the reading start end, 
as shown in FIG. 47. The binarizing section 14, as shown in 
FIG. 48, comprises an altitude dot detection section 14G for 
detecting the aiiiiude dots 42, an altitude reading section 
14H for subjecting the image signals ready by the code 
reading section 10 to the binarizing process for tieid or frame 
units so as to read, from the obtained binarized image^ 
information about the information recording medium 12 
from the altitude dots 42 detected by the attitude dot 
detection section 14G, and an attitude storage section 141 for 
storing information read by the attitude reading section 1411 
so as to similarly apply ii to each of the following images. 

That is, information about the information recording 
medium 12, including the material of the information 
recording medium 12, fhe density of the ink at the recording 
operation, the amount of exposure and the like are, as the 
attitude dots 42* recorded m the predetermined region of the 
dot code 170 adjacent to the rtading start end. Thus, the 
attitude dots 42 are first scanned and read when the dot code 
170 is scanned. Information of the information recording 
medium 12 denoted by the read attitude dots 42, that Ls, 
information including the material of rhe information 
recording medium 12 and the deasity of the ink Ls stored m 
the attitude storage section 141 so as to bo used when the 
interior division ratio is determined. 

As described above, the attitudes (or attribute) of the 
material of the information recording medium 12, rhe char- 
acteristics of the recording material and the recording 
method can be delected prior to binarizing the dot code 170 
so that appropriate parameters for the binarizing process are 
provided. 

A twenty-first embodiment of the information reproduc- 
ing system according to the present invention will now be 
described. 

The twenty-tirst embodiment is structured to solve a 
problem in that iixegularity of the illumination system and 
inclination of the imago pickup unit with respect to the 
information recording medium 12 cause the picked up image 
to be shaded and the binarizing operation is adversely 
affected. As shown in FIG. 49, the shaded code image is 
divided into a plurality of regions 44 including four regions 
in the lateral direction and three regions in the longitudinal 
direction. Thai Ls, since an assumption can be made that the 
recording condition and the illumination condition are the 
same among the divided region units, a characteristic 
amount is extracted for each of the divided regions so as to 
calculate the threshold value. 

FIG. 50 Ls a block diagram flowing the binarizing section 
14 according to the ^^ve^^y-firsI embodiment. The region 
dividing section 14J divides the pick up screen of the dot 
code 170 into a plurality of regions. A charactenstic amount 
extracting section 14K extracts a binarization characteristic 
amount of each of the regions divided by the region dividing 
section 14J. For each divided region, threshold value cal- 
culating section 14L calculates the threshokl value for the 
binarizing process in accordance with the characteristic 
amount extracted by the characteri.stic amount extracting 
section 14K. Then, the threshold value calculating section 
14L supplies rhe calculated threshold values to the threshold 
value determining section 14D so that the image signal is 
binarized. 

Since an a-ssnmption can be performed that the recording 
condition and the illuminating condition arc constant for the 
divided region units as described above, the characteristic 
amount is extracted for the divided region units to calculate 



the threshold value so that the inftuent^ of shading and the 
like is eliminated saiLsfactoriiy. 

A twenty-second embodiment of the information repro- 
ducing system according to the present invention will now 

5 be described. 

In the 5venty-second embodiment, reference regions 46 
for extracting the characteristic amount (for example, a 
maximum value and a minimum value) for use in the 
binarizing process is provided for a portion of the data code 

w 20, as shown in FIG. 51. When the region dividing section 
14J divides the frame 40 into the regions, the frame 40 is 
divided in such a manner thai at least one reference region 
46 is included in one divided region 44. 
The division of the frame 40 is performed such that if the 

15 interval of the reference regions 46 are X pixels in the lateral 
direction and Y pixels in the longitudinal direction on the 
picked up screen or frame 40 when an image including the 
reference regions 46 is picked up with a skew angle of 0 
degree, then the size of the each divided region 44 must be 

:o at least X pixels in the lateral direction and Y pixels in the 
longitudinal direction. 

As a result, at least one reference region 46 Ls included in 
each dividttd region 44 so that the stable characteristic 
amount is extracted. 

25 By detecting the maximum value ol the luminance as the 
charactcrLstic amount, the binarizing process can he per- 
formed on which the light quantity of the divided region 44 
Ls reflected. Thus, a satisfactory result can be obtained even 
if shading takes place. 

A iwenty-third embodiment of the infomiation reproduc- 
ing system according to the present invention will now be 
described- 

In the twenty-third embodiment, as shown in FIG. 52, at 
least either of the marker 174 and an inhibilioa region 

.V*: adjacent to the marker 174 is u.sed as the reference region 46. 
The above-mentioned marker 174 is a relatively wide 
VG^ioa in which connected black portions exist, while the 
inhibition region adjacent to the marker 174 is a relatively 
wide region in which connected while portions exist. 

-Ml AccTirdingly, the characteristic amount is extracted from the 
marker 174 above or the adjacent inhibition region so that a 
stable binarizing process is performed. If a low-pass hlter is 
provided to detect the maximum and minimum luminance, 
the minimum value can be detected from the marker 174 and 

45 the maximum value can be detected from the inhibition 
region adjacent to the marker 174. 

By making Ihe reference region 46 lo be the marker 174 
or the adjacent region, the necessity of recording the refer- 
ence region 46 individually from the code can be eliminated. 

5f) Thus, the recording area can effectively be ased and the 
detection can easily be performed. 

A twenty-fourth embodiment of the information repro- 
ducing system according to the present invention will now 
be descTibod. 

55 The twenty-fourth embodiment, as shown in FIG. 53A. 
has a structure such that the shaded code image is divided as 
is performed in the twenty-rtrsi embodiment and the char- 
acteristic amount is extracted in divided region units in such 
a manner that the maximum value of the luminance is 

51 J extracted for the divided region unit!;. 

The stale of shading is correspondingly denoted by the 
maximum values of the luminance in the region rather than 
the minimum values, the maximum values being widely 
distributed in ihe dot code 170. Accordingly, as shown in 

b5 FIG. 53B, the maximum value max of the luminance is 
obtained from each of the divided regions and the threshold 
value is determined to carre.spond to the maximum value 
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max. If a value which is 50'7f^ of the maximum value of the 
luminance ib employed as ihe ihre;>hold value th which ls 
then binarized, coping with more intense shading can be 
performed. 

As described above, the characteristic amount is made to S 
be the maximum value of ibe luminance so that the reference 
region 46 is made to be the ground color portion of the 
information recording medium 12. Since the ground color 
portion is widely distributed over the dot code, stable 
characteristic amounts can be extracted even if the divided i 
region 44 ts made to be a relatively small region. Since the 
state of the quantity of illuraiaation m each of the divided 
regions 44 is salLsfactoriiy reflected on the maximum values, 
the threshold value adaptable to shading can eliectiveiy be 
calculated, ^ 

A twenty-fifth embodiment of the information reproduc- 
ing system according to the present invention will now be 
described. 

The twenty-ftfth embodiment is structured such that a 
characteristic amount extracting section 14K extracts the : 
maximum value of the luminance of each of the divided 
regions as a first characteristic amount and extracts the 
minimum value of the luminance from the overall screen as 
the second characteristic amount. A threshold value calcu- 
latmg section 14L calculates the threshold value for each of : 
the divided regions from the maximum and minimum values 
"of the luminance in accordance with a predetermined inte- 
rior division ratio. 

That Is, the maximum value of she luminance Ls detected 
from each of the divided regions 44, while the minimum 
value is obtained from the picked up screen, that is, the 
overall surface of the frame. The thus-obtained maximum 
and minimum values are used to calculate the threshold 
value in accordance with the predetermined interior division 
ratio k. 

If the maximum value max and the minimum value min 
are obtained in each of the divided regions 44 of the image 
shaded as shown in FIG. 54A, a result as shown in FIG. 54B 
is obtained. In this case, since the churacleristic amount can 
significantly be extracted from the region, such as the 
marker 174 in which black portions .successively exist, the 
minimum value is obtained from the divided regions in each 
of which the marker 174 exists so as to be used as the 
minimum value fr_min of the overall portion of the frame 
which corresponds to the minimum value of each of the 
divided regioas 44. 

The state of shading is significantly be reflected by the 
maximum value of the luminance in the region and the 
maximum value is distributed over a wide range in the code. 
On the other hand, the minimum values of the luminance 
appear only in the marker regioiK 48 and thus distributed 
eccentrically. However, change is the luminance attributable 
to shading can be restrained. Accordingly, the maximum 
value is detected from each of the divided regions 44, while 
the minimum value of the luminance is detected from ihe 
overall portion of the frame. Thus, even if the divided 
regions 44 are made to be small such that the marker region 
48 Ls not included, the threshold value corresponding to 
shading can therefore be set. 

;\s de-scribed above, the maximum and minimum values 
of the luminance are used to calculate the threshold value in 
accordance with the interior division ratio so that the thresh- 
old value is calculated to be adaptable to the quantity of 
light. 

By extracting the maximum value of the luminance from 
each of the divided regions, coping with shading can be 
performed. The minimum value of the luminance which 



cannot stably be extracted from each of the divided regions 
LS extracted from the overall portion of the .screen. Thus, 
even if the black level is raised in the recording condition, 
coping with it can be performed. 
; A iweniy-sixth embodiment of the information reproduc- 
ing system according to the present invention will now be 
described. 

In a case where the minimum value of the luminance is 
detected from the overall ponionof the frame, the threshold 
value in each of the divided regions 44 cannot be calculated 
until the process of the overall portion of the frame is 
completed* Accordingly, the twenty-sixth embodiment is 
structured such that the dot codes 170 are successively read 
in such a manner that the characteristic amount extracting 
section 14K, as shown in FIG. 55, detects the maximum 

^ value max of the luminance from each of the divided regions 
44. On the other hand, the minimum value min of the 
luminance Is made to be the minimum value fr_min of the 
overall portion of the previous frame. Then, the threshold 
value calculating section 14L calculates the threshold value 

!0 in each of the divided region units from the maximum and 
minimum values of the luminance in accordance with a 
predetermined interior division ratio. 

As dcscTibed above, the minimum value extracted from 
the previous field or frame is used so ihal the present field 

:5 or frame are subjected to the binariztng process in the 
_ divided region unit.s. 

A twenty -seventh embodiment of the information repro- 
ducing system according to the present invention will now 
be de.scribed. 

30 In a cxse where the present frame Is binanzed with the 
threshold value calculated from the peak value of the 
previous frame, division of the region for preventing the 
influence of shading results in the state of shading being not 
changed as shown in FIG. 56A among frames. Thus, the 
35 illumination condition for the divided region s_fr2 is con- 
sidered to be constant. 

As scanning is performed, point A on the information 
recording medium is moved to the upper portion of the 
frame, as shown in FIG. 56B. If the information recording 
4i) medium 12 has ground color irregularuy 50 at this time, also 
the ground color irregularity 50 is moved, thus cau.sing 
different inregulariiy to be generated In ihe same divided 
rciiion of the next frame. No problem arises in a case where 
the peak value is detected from the overall portion of the 
45 frame. However, in a case where the peak value Ls detected 
in the divided region units, the difterence in the divided 
regions in which the ground color inreguiarity 50 exists 
between the previous frame and the present frame caases the 
threshold value to be determined in accordance with the 
50 peak value detected from each of the divided regions to be 
changed considerably. 

Accordingly, in the twenty-seven embodiment, the char- 
acteristic amount extracting section 14K, xs shown in FIG. 
57, comprises a maximum value detection circuit t4Kl for 
55 detecting the maximum value of the luminance in each of the 
divided regions and a maximum value averaging section 
14K2 for averaging the extracted maximum values for at 
lexsi two fields or frames adjacent in terras of time, for 
example, for three frames. The maximum value averaging 
01) section 14K2 stores the maximum value for, for example, 
two previous frames extracted by the maximum value detec- 
tion circuu 14K1 in the maximum value storage circuit 
14K2^ for each of the divided regions. The maximum value 
averaging circuit 14K2/? calculates an average value of the 
t>5 stored maximum value and the maximum value of the 
present frame extracted by the maximum value detection 
circuit l4Ki for each of the divided regions. 
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Bv averaging the maximum value of the luminance of ihe 
at least two or more iieids or frames adjacent in terms of 
time, tor example, by averaging the maximum value of the 
luminance of ihe same divided regions over three frames, 
change in the maximum value attributable to the ground 
coior irreguiariiy 50, that is, change in the threshold value 
attributable to the change in the maximum value can be 
prevented. 

A twenty-eighth embodiment of the information repro- 
ducing system according to the present invention will now 
be described. 

llie binarizmg method tn which the threshold value is 
calculated from the maximum and minioium values delected 
from the detection region of the present frame with a 
predetermined interior division ratio and the same region of 15 
the next frame is binarized encounters a risk that the 
threshold value is set to the background level when the code 
is not included in the detection region because the cx3de level 
is tnade to be the substantially the same as the baci^und 
level. ' 

In an example case, as shown in FIG. 58, where the 
ground color of certain divided regions in which the pick up 
image exists Ls gradually brightened as the time and the 
image of the code has been picked up in the first frame 
frame i and the third frame frame i+ 2 but the code has not :5 
been picked up in the second frame frame _i+U the maxi- 
mum value max of the luminance is gradually enlarged as 
'*200, 210, 220". The minimum value min is unintentionally 
made as *'30, 190, 33" Tims, an excessively large value is 
realized at the second frame frame_i+L Therefore, when 30 
the next frame frame„i+2 Ls binarized with the threshold 
value calculated from the maximum and minimum values of 
the second frame frame_i+U the bmarization cannot cor- 
rectly be performed. 

Therefore, the twenty-eighth embodiment has a structure 
such that existence of the dot code 170 is detected. If the dot 
code 170 not exists, the minimum value min is replaced by 
the minimum value of the previous frame. As a result, the 
minimum value min of the second frame framc_i+l is 
replaced from 190" to "30". 'ilierefore, "120" is obtained as 
the threshold value of the third frame frame _i+2 which is 
able to follow the actual threshold value "126". Since the 
maximum value is not replaced, the threshold value is able 
to follow the state where the quantity of light is gradually 
changed, ^ -^^ 

RG. 59 is a diagram showmg the structure of the bina- 
rizing section 14 according to the twenty-eighth embodi- 
ment for replacing the minimum value when the dot code 
170 does not exist. That Ls, a peak value detection section 
14M delects the maximum and minimum values of the 50 
luminance from a predetermined detection region. A code 
detection section 14N detects whether the dot code 170 
exists in the detection region. A minimum value replacement 
section 140 replaces the minimum value in the detection 
region with the minimum value of the previous field or 55 
frame in the case where the code detection section UN has 
not delected the dot code 170. A threshold value calculating 
section 14L calculates the threshold value lor the binariza- 
lion in the same region of the next field or frame from the 
maximum value and the replaced minimum value in accor- oo 
dance with a predetermined interior division ratio. 

By replacing the minimum value when the dot code 170 
does not exi.si, setting of the threshold value to the back- 
ground level when the dot code 170 has been out of the 
detection region and thus the minimum value (the cxide &5 
level) is made to be the substantially the same as the 
maximum value (the background level) can be prevented. 



41) 



Moreover, reference to the background level enables the 
threshold value to follow cHiange in the quantity of light. 

A twenty-ninth embodiment of the information reproduc- 
ing system according to the present invention will now be 
de.scribed. 

The twenty-ninth erabodimeni is structured .such that, if 
the code detection section 14N does not detect the dot code 
170. the minimum value replacement section 140 does not 
replace the minimum value in the detection region with the 
minimum value of the subject region of the previous frame 
as is performed in the twenty-eighth embodiment. In the 
twenty-ninth embodiment, as shown in FIG. 60, replacement 
with the minimum value of the detection region adjacent to 
the subject region is performed. 

By replacing with the minimum value of the spatially 
adjacent region is performed if the dot code 170 does not 
exist, setting of the threshold value to the background level 
when the dot code 170 Lsout of the detection region and thus 
the minimum value (the code level) is made to be the 
substantially the same as the maximum value (the back- 
ground level) can be prevented. Moreover, reference to the 
background level enables the threshold value to follow 
change in the quantity of light. 

A thirtieth embodiment of the present invention wdl now 
be described. 

The thirtieth embodiment has a structure such that the 
code detection section 14N accx>rding to the twenty-eighth 
or the twenty-ninth embodiment determines whether or not 
the ratio of the maximum value (the background level) and 
the minimum value (code level) detected by the peak value 
detection section 14M Ls larger than a predetermined thresh- 
old value. If the ratio is not larger than the threshold value, 
a consideration is made that the dot code 170 does not exLst 
in the detection region. 

As shown in FIG. 61, in steps S6l to S68, peak values 
max and min are detected by the peak value detection 
section 14M. The code detection section 14N determines 
whether or not the ratio of the maximum value to the 
minimum value, that is, max^min Ls larger than a predeter- 
mined ninth threshold value YU^ (step SlOl). if the ratio is 
larger than the ninth threshold value TIIq, the threshold 
value calculating section 14L u.ses the detected peak values 
max, min and the interior divLsion ratio k to calculate the 
threshold value th for the binarizing process in accordance 
with the foregoing equation (1) (step S42). 

If the ratio of the maximum value to the minimum value 
is smaller than the ninth threshold value THq, the minimum 
value replacement section 140 replaces the detected mini- 
mum value min with the minimum value rain of the previous 
frame or minimum value fr„min of the detection region 
adjacent to the subject frame (.step S102). Then, the opera- 
tion proceeds to step S42 so that the threshold value th for 
the binanzing process is calculated. 

Thus, the known peak value can be used to easily and 
reliably determine the exi.stence of the code. 

Preferred aspects formed by combining the first to thirti- 
eth embodiments are as follows, and the combination will be 
described as a thirty-first embodiment. 

FIG. 62 Ls a flow chart showing a process for calculating 
the interior division ratio according to the thirty- tirst 
embodiment. To detect the reference dots 18, for example, 
the pattern dots 278, the reference dot total area regLster SS 
and the reference dot number regLster S,„^,„ are initialized to 
"0" (step S21). Then, whether or not the detection has been 
completed is determined (step S22). If the detection has not 
been completed, area of the i-th reference dot 18 is 
calculated (Mep S23). Then, whether or not the calculated 
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area S,- is in a predeiermined range, ihaE is wrheiher or not ihe 
same is between the tirst threshold value TH^ and the second 
threshaid value TH^ is determined (step S24). If the calcu- 
lated area S,- is not in the foregoing range, the calculated area 

is deleted as an erroneously calculated dot area atlribui- 5 
able to a stain, a patchy portion and blurring. Tnen, the 
operation returns to step S22 so that a process tor a next 
reference dot 18 is performed. If the area S,- is in the 
foregoing range, the calculated area S is added to the value 
of the register SS. Moreover, ihe value of the reference dot lo 
number register S„„„, is increased (step S25), and then the 
operation returas to step S22, 

When the detection of the reference dots 18 has been 
completed, whether or not the value of the reference dot 
number register S„„„, indicating the total sum of the refer- 15 
ence dots 18 is larger than a predetermined number, that is, 
the third thrchhold value TH3 is determined (step S3 1). If the 
value is smaller than the third threshold value TH3, a fact is 
continued that the sutScientiy (arge number of dots have not 
been detected. Therefore, if the average area is obtained by :i3 
using the foregoing value, reliability deteriorates. Therefore, 
if the value is not larger than the third threshold value TH3, 
"0'' is added to the interior division ratio k, that is, the 
interior divLsion ratio k Ls not mocijlied (step S7l). 

If the value is larger than the third threshold value TH^„ :5 
the counter register count is intTcascd {.step S72), and 
whether or not the value of the counter register count is 
lariicr than the fifth threshold value TH5 is determined (step 
S73). The tifth threshold value TH^ is 1 The fact that the 
value Ls ^^maller than the tifth threshold value TH5 means 3") 
passing through the loop at the tirst time. In this cxse, since 
a sufficiently large number of dots have been detected from 
the frame 40, the operation proceeds to .step S7l .so that the 
interior division ratio k is not changed. 

If the value is larger than the fifth threshold value TH^, the ,^5 
value of the reference dot total area register SS is divided by 
the value of the reterence dot number register S,„,„ so that 
average area S^^^ is calculated (step S26). 

Simultaneously, whether or not the value of the counter 
register count is larger than .sixth threshold value TH^, is 
determined (step S74). If the value is smaller than the sixth 
threshold value TH^, that is, assuming that the sixth thresh- 
old value TH(^ is "2'', the coefficient a is set such that 
ai=l/I6 at the tirst time (count«2) (step S75). If the value 
is larger than the sixth threshold value THt,* that is, at the 
second and easuing time (count>i), a is set such that 
a,=i/32 {step S76). 

In the thirty-tlrst embodiment, the dot area, which is 
changed due to the change in the magnitication and distor- 
tion when the image has been picked up, is corrected to 
normalize the area by the distance between the markers. To 
detect the marker pairs, the intermarker total distance reg- 
ister SL and the intermarker distance detection number 
rcgi.stcr L,,„„, arc initialized to '*()" (step SUl). Then, 
whether or not the detection has been completed is deter- 55 
mined (step 5112). If the detection has not been completed, 
the distance L between the markers is calculated (step S113). 
Then, the calculated distance L Is added to the total distance 
register SL between markers, and the value of the inter- 
marker distance detection number register L„„„, Is increased 
(step S114), and then the operation returns to step S112. 

Mier the detection of the marker pairs has been 
completed, the value of the total distance register SL 
between markers is divided by the value of the intermarker 
distance detection number register L,„,„, so that average 0^ 
intermarker distance L^, ^ Is calculated (.step S115). In accor- 
dance with the calculated average intermarker distance L^^^, 
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a target value .S^ of trie area of the reference dot i8 ts 
calculated by usmg a predetermined function S(L„^.^) (step 
SU6). The predetermined liinction S(L^,,p is, for example, 
S(Ly,^,)»a(Lg,.,)- or S(L^,^)=b*L^^+c or 'the like obtained 
due to approximation of the foregoing liinction in a specific 
region (where a, block and code are coefficient such that 
a=i;i2, b-3, c-2 or the like). 

When the average area 5^,^^, the coefficient a and the 
target value have been calculated, a value obtained by 
multiplying the difference (that is, S,-S^^^) between the 
target value and the average area S^.^ by the foregoing 
coefficient a Is, as the modification amount of the interior 
division ratio, added to the present interior division ratio k 
so that a new interior division ratio k is obtained (step S77). 

When the interior division ratio k has been obtained in 
step S7l or step S77, it is clipped to be included in a 
predetermined range so that a final interior division ratio k 
is determined. That is, whether or not the calculated interior 
division ratio k is larger than the seventh threshold value 
TH-, for example, "25/32" is determined (step SHI) If the 
interior division ratio k us larger than the .seventh ihre.shoid 
value TH7, the value of the seventh threshold value THt is 
determined to ihe final interior division ratio k (step S82). If 
it Is not larger than the seventh threshold value TH7. whether 
or not the calculated interior division ratio k ls smaller than 
an eighth threshold value TH*^, for example, ''10/32**, is 
determined (step S83). If it Ls smaller than the eighth 
ihrcNhold value TH^, the value of the eighth threshold value 
Tll^ is determined to be the final interior division ratio k 
(step S84). If it IS not smaller than the eighth threshold value 
TH^, the calculated interior division ratio k is as it is 
determined to be the final interior division ratio k. 

FIG. 63 is a fiow chart for a process for calculating the 
threshold value in the ihirty-tirst embodiment. 

Initially, whether or not the detection of the peak value 
has been completed is determined (step S6l). If the detection 
has not been completed, the absolute value of the difference 
between the pixels in front of the i-th pixel y, of intere.sl and 
in the rear of the same, that is, y^.^ and y^^^ is obtained to 
determine whether or not the absolute value is smaller than 
the fourth threshold value TIIj (step 862). If the absolute 
value is not .smaller than the fourth threshold value TH4, a 
consideration is performed that the pixel value of the pixel 
y,. Is not a minimal value and the detection of the maximum 
45 and minimum values is not performed but the value of the 
i register is increa.sed (step S63). Then, the operation pro- 
ceeds to a process of a next pixel. 

If the absolute value of the difference between the pixel 
values y,_i and y^^^ is smaller than the founh threshold value 
5<) TH4, a consideration is performed that the foregoing portion 
is a portion in which a maximal value is taken. Thus, the 
average value avg is calculated (step S64). 

Then, whether or not the calculated average value avg is 
smaller than the minimum value min obtained in the process 
of the previous pixel is determined (step S65). If it Is smaller 
than the minimum value minimum value, the average value 
avg is made to he a new minimum value min (step S66) 
Then, the operation proceeds to step S63. If a is not smaller 
than the minimum value min, whether or not the average 
value avg is larger than the maximum value max detained in 
the process of the previous pixel Is determined (step S67). If 
it is larger than the maximum value max, the average value 
avg is made to be a new maximum value max (step S68). 
Then, the operation proceeds to step S63. If it is not larger 
than the maximum value max, the original maximum and 
minimum values are maintained and then the operation 
proceeds to ^tcp vS63. 
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Ry repeating the foregoing process, the peak value of the 
luminance, that ii>, the maximum vdiuc max and mimmum 
value mm are detected. 

After the detection of the peak value has been completed, 
whether or not the ratio rnax/mm of the tnaxiraura value to 5 
the minimum value is smaller ihan the ninth threshold value 
THo is determined (step SlOl). If the ratio is larger than the 
ninth threshold value THg, the detected peak value max, 
minimum value and the interior division ratio k of the 
previous frame calculated by the process for calculating the 
interior division ratio are used to calculate the threshold 
value th in accordance with ihe foregoing equation ( 1) (step 
S42)- 

If the ratio of the maximum and mimmum values is 
smaller than the ninth threshold value THc,, the detected 
minimum value min is replaced by the minimum value 
fr_min of the previous frame (step S102). Then, the opera- 
tion proceeds to step S42 so that the threshold value th is 
calculated. 

Then, the threshold value ih is multiplied by light quantity 
change rate P so that the threshold value threshold for the 
binarizing process is calculated (step S117). Symbol \^ 
indicates a change rate when the quantity of light is changed 
by the light %urce 198 and it is expressed as follows when 
the qii antity of light for the frame from which the peak value ^_ 
has been detected is LL and the quantity of light of the frame " 
which is binarized by using the calculated threshold value is 
LI: 
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FIG. 64 is a flow chart of the binarizing process according 
to the thirtieth embodiment. 

Initially, whether or not correction of a defect of a pixel 35 
has been completed is determined (step Sli8). If the cor- 
rection has not been completed, average pixel value avg of 
pixels y,_i and y,vi in from and in the rear of the i-th pixel 
y, of interest ls calculated (step S119). Then, whether or not 
the dijfterence between the calculated average value avg and 4») 
the value of the pixel y, of interest is larger than tenth 
threshold value TH^q is determined (step S120). If it is not 
larger than the tenth threshold value TH^^-., a fact can be said 
that the pixel y^> of interest has no defect. Theretbre. a 
process of the next pixel is performed by increasing i (step 45 
S121), and then the operation returns to step SU8. If it is 
larger than the tenth threshold value TH^q, a hct can be said 
that the pixel y^- of interest has a defect. Tnerefore, a 
replacement from pixel value of the pixel y^ of interest to the 
calculated average value avg is performed (step S122), 50 
llien, the operation proceeds to step S121. 

After correction of defects of all of the pixels has been 
completed, image data of the pixel is equalized by an 
equalizer (step 3123). Then, the threshold value for the 
binarizing proce.ss obtained in the process of the previous 
frame is binarized. 

That is, whether or not the binarizing process has been 
completed is determined (step S124). If the binarizing 
process has not been completed, whether or not the valut; of 
the pixel y- of interest is smaller than the threshold value 
threshold for the binarizing process is determined (step 
S125), If the value is smaller than the threshold value 
threshold, data di for binarization is determined to be "I" 
(step S126). If the value is smaller than the threshold value 
threshold, it is determined to be "0" (step S127). Then, to 
process the next pixel, i is increased (step S128), and then 
the operation returns to step S124. 
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After ail of the pixels have been binarized, binarized data 
di tor ail of the pixels in the subject frame 40 is transmitted. 

As described above, the thiriy-firsi embodiment com- 
prises the intenor division ratio calculating processing 
section, the threshold value calculating processmg section 
and the binarization processing section. If each of the 
processes is performed in three continiious franacs (or lieid-s 
in the ca.se where the process is performed in each lie Id), the 
image memory can be omitted and thus the binarization can 
be performed real time. The foregoing process is realized by 
using the characteristic that the threshold value of the 
present firame can be determined by using the state of the 
previous frame because the illumination condition and the 
recording condition are not considerably changed among the 
successive frames in a case where the images of the dot 
codes 170 are continuously picked up. 

That is, as shown in FIG. 65, a threshold value determin- 
ing .section 52 binarizes an image signal of the present frame 
(frame i) with an appropriate threshold value for the bina- 
rization. Then, a reference dot is detected from the binarized 
image, and the interior division ratio is moditied from the 
area by an interior division ratio modification section 54. 
Then, the modified interior division ratio Ls stored by an 
interior division ratio .storage section 56. Then, a peak value 
detection section 58 detects the peak value from the image 
signal of a next frame (frame i+l). A threshold value 
calculating ^^ection 60 calculates the threshold value from 
the peak value and the stored interior division ratio (of the 
frame i). The calculated threshold value Ls stored in a 
threshold value storage section 62. Then, an image signal of 
a next frame (frame i+2) is binarized by the stored threshold 
value (of frame i+l). 

As described above, the code reading section 10 succes- 
sively reads the dot codes, and the binarizing section 14 
modifies the interior division ratio of the two frames before 
the read and continuous image signals with the area of the 
detected reference dot. In accordance with the modified 
interior division ratio, the peak value of the previoas frame 
is interior-divided so that the threshold value Ls calculated. 
In accordance with the calculated threshold value, the 
pre.sent frame is binarized. llierefore, the memory for stor- 
ing the images can be omitted and the real time proce.ss can 
be performed- 

When the binarization is performed by u.sing the modified 
interior division ratio and the interior division ratio is again 
modified, a delay of two frames takes place in the foregoing 
structure. Therefore, it is preferable that the interior division 
ratio be controlled while being separated into v^o indepen- 
dent systems consisting of odd-number frames and even- 
number frames. 

That is, as can be understood from FIG. 66A, binarized 
data LS transmitted from every other frames. Therefore, 
blocks which can be read in only the missed frames is 
skipped from reading. To prevent this, the scanning speed 
maybe sufticiently reduced to prevent omitting from reading 
55 of the block if the code is read from every other frames. As 
an alternative to this, binarization operations shifting from 
each other by one frame may be in parallel performed as 
.shown in FIG. 66B. The parallel binarizing operations 
enables the pn^cess to be a common process because the 
f>o .same process Ls not performed in the same frames. 
Therefore, values different in only the interior division ratios 
are required to be held. Therefore, the two systems of 
interior division ratios are held and the interior division ratio 
of the different type may be u.sed for the odd-number frames 
&5 and the even-number frames. 

A ilow of the process m the foregoing case will now be 
dcscnbed with reference to a time chaa shown m FIG. 67 
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That is, AS can be understood from FI(}. 67, the parallel 
binarizing processes arc performed such that the same 
process is not performed between a system 1 and a system 
2 In the same frame. Therefore, the processes can sequen- 
tiaiiy be performed in accordance with the time chart. Each 
vaiuc are heid in a period as shown in FIG. 67 and thus only 
the different interior division ratios must be held for the two 
systems. 

As a result, the scanning speed can be maintained, omis- 
sion of reading of the block can be prevented, the memory 
for storing the image can be ommed and the real time 
process can be performed. 

The information recording medium 12 will now be 
described. 

A tirst embodiment of the information recording medium 
according to the present invention is used in the information 
rcproducmg system comprising ihc code reading section 10 
for reading the dot code 170 from the information recording 
medium 12 on which multimedia information including at 
least any one of audio information, image information and 
digital code data is recorded in the form of the dot code 170 
which can optically be read; the binarizing section 14 for 
generating binarize'd data from the image signal cxirrespond- 
ing to the dot code 170 read by the code reading section 10; 
and the information reproducing section 16 tor restoring 
binarizcd data generated by the binarizing section 14 to 
original multimedia information so as to reproduce the 
original multimedia information, in particular, the informa- 
tion recording medium 12 is characterized by the reference 
dot 18 which serves us a reference when the threshold value 30 
Is modified in such a manner that the area of the detected dot 
approaches a predetermined target value. 

By providing the reference dot 18 as described above, 
binarization on which the dot area is accurately reflected can 
be performed without dependency upon the dot expansion 35 
and contraction in the recording condition. 

As shown in FIG. lOA, modulation is performed in such 
a manner that an isolated dot is fonned in the data dots 282 
and the Isolated dot is used as the reference dot 18. In this 
case, the isolated dot in the dot code is ased and therefore the 40 
recording area can effectively be used. 

Moreover, another region for the reference dot is provided 
individually from the data dots 282, as shown in FIG, tOB 
and the isolated dot is recorded in the provided region so that 
the reference dot 18 is formed, in the foregoing case, 45 
exi-stence of the reference dot 18 at a predetermined position 
individually from the data dots 282 enables the detection lo 
be performed easily. 

As an alternative to thisrihe reference dot 18 may be 
provided in the vicinity of the reading end of the data dots 50 
282 as shown in FIG. 11 A to tbrm a recording format 
arranged such that the reference dot 18 is initially scanned. 
In the foregoing case, the threshold value can be modified 
when scanning of the data code 20 is started. Moreover, the 
recording area can effectively be u.sed afterwards as the data 55 
code recording region. 

As shown in FIG. UB, blocks of the data dots 282 each 
having a somewhat size may be formed so as to repeatedly 
form the reference dots 18. In the foregoing case, periodical 
existence of the reference dots 18 enables modiricaiion of 60 
the threshold value to be performed when required. 

A second embodiment of the information recording 
medium according to the present invention will now be 
described. 

In the second embodiment, in place of using the reference ^5 
dot 18 as the reference for modifying the threshold value, the 
binarizing section 14 detects the maximum and minimum 



values of the image signal level corresponding to the dot 
code 170. Code data binarizcd by the threshold value 
calculated from the maximum and minimum and in accor- 
dance with a predetermined interior division ratio is used to 
detect a dot. Thus, it is used as a reference for modifying the 
interior division ratio in such a manner that the area of the 
detected dot area approaches a predetermined target value. 

Thus, binanzation on which the dot area is accurately 
reffected can be performed without dependency upon dot 
expansion and contraction of the recording condition and 
also without dependency of the illumination condition when 
the image is picked up. 

A third embodiment of the inforaaation recording medium 
according to the present invention will now be described. 

In the third embodiment, the information rccx)rding 
medium 12. as shown m FIGS. 68 A and 68 B, has recorded 
images of a. plurality of reference dots 18 in the image 
pickup region (the frame 40). 

Since recording is performed in such a manner that a 
plurality of the reference doLs 18 exist in the image pickup 
region, that is, in the frame, the accuracy of the area can be 
improved by using the average area as described in the 
seventh embodiment of the information reproducing system. 

That is* the averaging operation compensates the change 
in the area occurring attributabit to the relative position. 
Even if a stain, a patchy portion and blurnng take place, the 
defective portion- may be omitted because a .sufficiently larrgc 
number of the reference dots 18 can he detected, "nierefore. 
the average area can stably be calculated. As described 
above, the piurai reference dois 18 can be detected in the 
image pickup region and the binarizing .section 14 calculates 
the average area so that induence of noise is compeasaied 
and tunher accurate calculation of the area is enabled. 

A fourth embodiment of ihe information recording 
medium according to the present invention will now be 
described. 

In the fourth embodiment, the information recording 
medium 12 has a reference region 46 from which the 
characteristic amount for the binarization is extracted by the 
binarizing section 14. 

iliat is. as has been described in the twenty-second 
embodiment of the information reproducing system, the 
reference region 46 for extracting the characteristic amount 
for the binarization is provided for the information recording 
medium 12. As the reference region 46, either of a black 
region or a white region each having a area larger than that 
of the data dots 282, for example, the marker 174 or an 
inhibition region adjacent to the marker 174 may be 
employed, as shown in FIG. 69 A. As .shown in FIG. 69 B, the 
outer periphery of the data code 20 may be employed. 

Since the reference region 46 exists individually from the 
code, a stable characteristic amount, for example, the ma.xi- 
mum and minimum values of the luminance can be 
extracted. 

Atifth embodiment of the information recording medium 
according to the present invention will now be described. 
The fifth embodiment is slmcturcd such that the informa- 
tion recording medium 12 according to the first or the second 
embodiment has a dot interval mea.suring dot for measuring 
the dot interval for correcting at lea.st either of the reference 
dot area detected by the binarizing section 14 or the prede- 
termined target value. 

That Is, xs has been described in the sixth embodiment of 
the information reproducing sy.stem, the interval between 
dots Is measured to correct the area of the reference dot 18 
when the reference dot 18 has been delected, this embodi- 
ment IS charade nzed m that the interval measuring dot 38 is 
recorded. 
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.As the interval measurinij dot, the marker 174 may be 
used, as stioA^n in FIG. 70A, or a predetermined dot amount 
the reference dots 18, for example, x dot positioned to the 
right of the marker may be used, as shown in FIG. 70B. 

A& described above, the distance between predetermined 
doEs is measure, the image pickup magniticaiion and state of 
distortion can be detected. In accordance with the detected 
state, the dot area or the target value is corrected so that 
binarization Ls performed to correspond to change in the 
magnification and distortion. 

The information recording apparatus will now be 
described. 

The information recording apparatus according to the 
pi^sent invention uses the above-mentioned information 
reproducing system. In a first embodiment of the informa- 
tion recording apparatus is structured such that at least two 

types of reference dots D^, D-., D,„ , . . at least having 

different area or shape, for example, different areas as shown 
in FIG. 71A are recorded on the information recording 
medium 12, By u.^ing the foregoing information reproducing 
system, the recorded reference dots 18 are read so as to be 
binarized. As shown in FIG. 7 IB, areas S^, S-, S„, ... of 
each of the read reference dots 18 and a predetermined 
reference value are subjected to comparisons. Then, 
reference dots 18 havmg the difference smaller than a 
predetermined threshold value arc selected. In accordance 
with the selected reference dots 18, a dot code 170 corre- 
sponding to multimedia information which mu.st actually be 
recorded is recorded on the information recording medium 
12. 

FIG. 72 is a block diagram showing the above-mentioned 
information recording apparatus. FIG. 73 is an operation 
flow chart. 

Initially, a printing section 64 prints a plurality of refer- 
ence dots Dp D., . . . . D„, . . . having different areas (step 
S131). Then, anlmage input section 66 picks up the im^^es 
of the printed reference dots 18 (step S132). A maximum 
value and minimum value detection section 68 obtains 
maximum value max and minimum value min (step S133). 
A threshold value generating section 70 uses the obtained 
maximum value max and minimum value min and the 
interior division ratio k stored in an interior division ratio 
holding section 72 to calculate threshold value th such that 
min+k(maximum value-min) (step S134). Abinarizing pro- 
cessing section 74 uses the threshold value ih to binari/c the 
image signal supplied from the image input section 66 (step 
S135). 

Then, as the initial value of value n, "i" is set to a counter 
76 (step S 136). 

A dot area detection section 78 u.ses the binarized output 
from the bmarizing processing section 74 to calculate the 
area S„ of the n-!h reference dot 18 and supplies the 
calculated area S„ to a differentiator 80. ilie differentiator 80 
calculates the difference between the calculated dot area S^^ 
and a predetermined reference value stored in a buffer 82. 
An absolute value calculator 84 obtains the absolute value of 
the calculated difference. A comparator 86 subjects the 
absolute value of the difference and the minimum value of 
the difference stored in the buffer 82 to a comparison. When 
the value n of the counter 76 is "1", that is, the process for 
the tirst reference dot Dj is performed (step S137), the 
minimum value def_min of the difference has not been 
stored in the buffer 82. Therefore, the absolute value of the 
difference calculated by the absolute value calculator 84 is 
as it is stored as the minimum value def_min in the buffer t>5 
82 (step S138). In this case, the count value n is, as the 
minimum value dot number n_mm for specifying the ref- 
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erence dot 18 having the minimum value, stored in the buffer 
82 (step S139). 

Then, the value n of the counter 76 is increased (step 
S140), and then whether or not all of the printed reference 
^ dots 18 have been processed is determined (step S 14 1). If all 
of the reference dots 18 have not been processed, the 
operation returns to step S137. 

When the processes tor the second and following refer- 
ence dots 18 are performed, a dclermmaiion is performed 
that the count value a is not in step S137. In this ca.se, 
^'^ the comparator 86 stores the absolute value of the difference 
calculated by the absolute value calculator 84 in a def 
register (step S142). Then, whether or not the minimum 
value def_min of the difference stored in the buffer 82 is 
larger than the foregoing absolute value is determined by a 
comparison (step S143). If the absolute value def of the 
difference stored in the def register is not less than the 
minimum value def_min of the difference stored in the 
buffer 82, the operation proceeds to step S140. If it Ls not 
larger than def__min, the absolute value def stored in the def 
::o register is employed as a new minimum value def_min of 
the difference which is .stored in the buffer 82 (step Sl-W). 
Tlie count value a of the counter 76 is stored in the buffer 82 
as the minimum value dot number n _min (step S 145). Then, 
the operation proceeds to step S140. 
25 When the ail of the printed reference dots 18 have been 
- processed and a- determination has been performed in step 
S141 that ail of the reference dots 18 have been processed, 
a dot number instruction section 88 instructs the printing 
section 64 to print data with reference dot r)n„__,„„. indicated 
30 by minimum value dot number n_min stored in the bulier 
82 (step S146). In a ca.se where dots ore arranged in the 
descending order of the area, a structure may be employed 
in which all of the dots are not proce.ssed as described above. 
The process may be completed at a moment updating is 
,^5 interrupted from minimum value def_min of the difference 
has been updated so as to instruct the dot number. 

In response to this, the printing section 64 prints the dot 
code 170 corresponding to the actual multimedia informa- 
tion on the information recording medium 12. 
-M) As a result, dots can stably be recorded in such a manner 
that the dot area after the binarizing process has been 
performed is a predetermined reference value. 

A second embodiment of the information recording appa- 
ratus according to the present invention will now be 
45 described. 

In the second eml>odiment, when two or more types of 
reterence dots 18 having at least different area or shape are 
recorded on the information recording medium 12, record- 
ing is performed such that at least either of the area or the 
50 shape is different in each of predetermined steps of the 
minimum resolving power of the information recording 
apparatus. 

In a case where one area shown in MG. 74 corresponds to 
the minimum resolving power of the information recording 
55 apparaliLs, for example, reference dots 18 in the live same 
units may be recorded variously such as reference dots D- 
and D3. Therefore, a plurality of dots having areas or shapes 
changed with the minimum re.solving power unit are 
recorded to select an optimum dot. 
bt) As a result, dots can selectively be recorded with the 
minimum steps for the informadon recording apparatus and 
with the optimum dot area and shape. 

A third embodiment of the information recording appa- 
ratus according to the present invention will now be 
described. 

In the third embodiment, as shown in h'IG. 75 A, a.ssuming 
that the diflference between the density of the dot S„ and that 
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ot" the background region is Ci„, reference dots 18 having 
Uiiferent density differctice G„ .ire recorded an I be informa- 
tion recording medium 12, By using the information repro- 
ducing system, the recorded reference dots 18 are read and 
binarized, and then the area of each of the read reference 
dois 18 and a predetermined reference value are subjected lo 
a comparison. By employing the density corresponding to 
the reference dot 18 having the different smaller than the 
predetermined threshold value, the dot code 170 correspond- 
ing to the multimedia mformatfon which must be recorded 
is recorded on the information recording medium 12* In this 

case, as shown in MG. 75B, reference dots D^, 

D„, ... are recorded on different information recording 
medium 12. As shown in FIG. 75C, if a predetermined 
reference value is larger as a result of a comparison 
between the area S„^^ of a certain reference dot D,j_^ and the 
predetermined reference value adjustment is performed 
to eniai^e the difference in the density, that is, thickened to 
record a next reference dot D„. If the dot area S,,.i is larger, 
adjustment is performed to reduce the difference in the 
density, that Ls, light to record a ntxt reference dot D„. The 
foregoing process is repeated to select the optimum record- 
ing density. 

RG. 76 is a block diagram showing the above-mentioned 
information recording apparatus, and FIG. 77 is an operation 
How charL - - 

Initially, "I" is initialized to the buffer 82 as the count 
vaiuc n (step S151). Then, a printing density instruction 
section 90 instructs the printmg section 64 to print reference 
dot D^^ (D^ in this case) havmg the density difference of G„ 
(G^ in this case) from the background region indicated by 
the count value n (step S152). When the priming section 64 
has ^nai&A the reference dot 18 to correspond to this. Then» 
the image input section 66 picks up the image of the 
reference dot 18 (step S153). Then, the maximum value and 
minimum value detection section 68 obtains the maximum 
value max„ and minimum value min„ (step S154). The 
threshold value generating section 70 u.ses the obtained 
maximum value max,,, the minimum value min„ and the 
interior division ratio k held in the interior division ratio 
holding section 72 to calculated the threshold value tfa such 
that min„+k(max„-min„) (step S155). The binarizing pro- 
cessing section 74 uses the threshold value ih^, to binarize an 
image signal supplied from the image input section 66. 
Then, the dot area detection section 78 obtaias the del area 
$„ (step S156). The calculated dot area S,, is supplied to the 
differentiator 80 and the buffer 82. 

The differentiator 80 calculates the difference between the 
calculated dot area S„ and the predetermined reference area 
s^aie stored in the buffer 82. The ab-solute value calculator 
84 obtaias the absolute value of the calculated difference. 
The comparator 86 subjects the absolute value of the dif- 
ference and the threshold value e previously set to the buffer 
82 to a cximparison (step S157). If the absolute value of the 
difference is larger than the threshold value, the calculated 
dot area S„ and the predetermined reference area value to 
a comparison (step S158). If the calculated dot area S^, is 
larger, a predetermined correction density G,/ is subtracted 
from the value of the density difference G,, so that density 
difference G„^; for prmting a next reference dot 18 is 
calculated. Then, a result of the calculation is stored in the 
bulier 82 (step S159). If the calculated dot area S„ is .smaller 
than the predetermined reference area value the prede- 
termined value oi the correction density G; is added to the 
value of the density difference G„ so that density difference 
^H^\ t'^f printing the next reference dot 18 is caicuiaicd. 
Then, a result of the calculation is .stored in the buffer 82 
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(step S160). Then, the count value n of the buffer 82 is 
increased (step S161), and then the operation returns to :^tcp 
SL52 so that the printing density instruction section 90 
iastnicts the printing section 64 to print the reference dot D,, 

5 (D. m this case) having the densay differenc-e from the 
background region of G,, (^hich is G^. in this case). 

The foregoing process is repeated. When a determination 
has been performed in step S157 that the above-mentioned 
of the difference is smailer than the threshold value e, the 

10 printing density instruction section ?0 instructs the printing 
section 64 to print the dot code 170 with the dot having the 
density difference from the background region of G„ (step 
S162). 

To correspond to this, the printing section 64 prints the dot 
lii code 170 corresponding to the acnual multimedia informa- 
tion ivith the instructed density difference dot. 

As a result, dots can stably be recorded in such a manner 
that the dot area after the binarization is made to be a 
predeiermmed reference value. 
:o A fourth embodiment of the information recording appa- 
ratus according to the presem invention will now be 
described. 

The fourth embodiment is structured such that when the 
density is adjusted as is performed in the third embodiment, 

:5 the plural reference dots 18 are not printed on a plurality of 
information recording mediums^ 12, As,shown in FIG. 78A. 
a plurality of reference dots 18 having different densities are 
recorded on one information recording medium 12 as ih 
performed in the rtrst embodiment. The regions are divided 

30 to enable the dots to be included in different regions 44. As 
shown in FIG. 78B, binarization is pertbrmed for each of the 
divided regions so thai the density of the optimum dot area 
is selected. 

FIG. 79 is a block diagram showing the above-mentioned 
.-5 information recx)rding apparatus. FIG. 80 is an operation 
flow chart. 

Initially, the printing section 64 prints a plurality of 

reference dots G., G:. G„, . , . having different densities 

(step S171). TTicn, the imago input section 66 picks up the 

4*) images of the primed reference dots 18 (step S172), I he 
region dividing section 92 divides the region into n pieces in 
such a manner that only one dot Ls included in each region 
(step S173). Then, "1" is, as an initial value of the value n, 
set to the counter 76 (step SI 74). 

45 Then, the maximum value and minimum value detection 
.section 68 obtains the maximum value max„ and minimum 
value min„ in the region a (step S175). The threshold value 
generating section 70 uses the obtained maximum value 
max„ and the minimum value min„ and the interior division 

5i) ratio k held by the interior division ratio holding section 72 
to calculate the threshold value th such that min„+k(max„- 
min„)(step S176), The binarizing processing section 74 u-^es 
the threshold value th„ to bmarize the image .signal supplied 
from the image input section 66 (step S177). 

55 The dot area detection section 78 calculates area S„ by 
using the binary output from the binarizing processing 
section 74 to calculate the ^rea S„ of the n-th reference dot 
18 to supply the calculated area S,, lo the differentiator 80 
The differentiator 80 calculates the difference between the 

50 calculated dot urea S^, and the predetermined reference value 
.set to the buffer 82. The absolute value calculator 84 
obtains the ab.soiuie value of the calculated difference. The 
comparator 86 subjects the absolute value of the difference 
and the minimum value of the difference stored in the buffer 

65 82 to a comparison. When the value n of the counter 76 Ls 
"1", that is, a process for ihc first reference dot Gj is 
performed (.Mep S137), the minimiim value def__min of ihc 
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ditference has not been stored in the hutfer 82. Therefore, ihe 
absolute vaiue o( the difference cakuiated by the absolute 
value calculator 84 is, as it is, stored in the buffer 82 as the 
minimum value def__min ot' the difference (step S138). in 
this case, the count vaiue n is, as the minimum value dot 
number n_min for specifying the reference dot 18 having 
the minimum value, stored in the buffer 82 (step S139). 

Then, the value n of the counter 76 is increased (step 
SL40), and then whether or not the process of all of the 
printed reference dots 18 has been completed is determined 
(step Si4l). If the process has not been completed, the 
operation returns to step S175. 

When processes of the second and ensuing reference dots 
18 are performed, a determination is performed in step S137 
that the count value n is not "V. In this case, the comparator 
86 stores, into the def register, the absolute value of the 
difference calculated by the absolute value calculator 84 
(step S142) to determine whether or not the minimum value 
def__min of the difference stored in the buffer 82 is larger 
than the absolute value (step S143). If the absolute value def 
of the difference stored in the def register is larger than the 
minimum value def _min stored in the buffer 82, the opera- 
tion proceeds to step S140. If it is not larger than the 
def_min, the abs^ilute value def of the difference stored in 
the def register is, as the minimum value def min of a new 

difference, stored in the buffer 82 (step S144). The count 

value n of the counter 76 at this time is, as the minimum 
value dot number n _min, stored in the buffer 82 (step S145). 
Then, the operation proceeds to step S140 

.^s described above, all of the printed reference dots 18 
have been processed and the determination has been per- 
formednn step S141 that the process of ail of the reference 
dots 18 has been completed, the density number instruction 
section 94 instructs the printing section 64 to print data with 
the density of the reference dot G„__min indicated by the 
minimum value dot number n_min (step S178).^ 

To correspond to this, the printing section 64 prints the dot 
code 170 corresponding to the actual multimedia informa- 
tion on the information recording medium 12. 

As a result, even if dots having different densities are 
recorded on the same information recording medium 12, an 
optimum density can be selected, 

A tifth embodiment of the information recording appara- 
ms according to the present invention will now be described. 

The fifth embodiment is structured such that the method 
according to the tirst to third embodiments in which the area 
and the density are slightly changed to pertbrra recording 
and an appropriate area and deasity are selected is not 
employed. As shown in FIG. 81, infcbrmation about the 
foreuoing factors is previously stored in the printing condi- 
tion^storage table 96. Moreover, the dot area or the dot 
density corresponding to information relating to the infor- 
mation recx^rding medium 12, such as the type of the 
information recording medium 12 and the amount of expo- 
sure at the recording operation and supplied from the input 
unit 98. are read from the printing condition storage table 96. 
Then, a printer 100 performs printing with the foregoing 
area or the density. 

Thus, trial printing is not needed and recxirding can be 
performed with appropriate recording density or the data 
area. 

Although the invention has been described in its preferred 
form with a certain degree of particularity, it is understood 
that the present dLsclosure of the preferred form can be 
changed m the details of construction and in the combination 
and arrangement of parts without departing from the spirit 
and the scope of the invention as hereinafter claimed. 



4») 



50 



00 



(1) An information reproducmg system comprising: 
code reading means tor reading a desired dot code from 
an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
binarizing means for generating binarized data from an 
image signal corre.sponding to the dot code read by the 
code reading means; and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
information, wherein 
the binarizing means includes: 
reference dot detection means which binarizes the 
image signal with a predetermined threshold value 
prior to generating binarized data so as to detect a 
reference dot from the binarized code image; 
dot area measuring means for measuring the area oi 
the reference dot detected by the reterence dot 
detection means; 
threshold vaiue modifying means for modifying the 
threshold value in such a manner that the area 
measured by the dot area measuring means 
apprc>aches a predetermined target value; and 
threshold value determining means for binarizing the 
image signal wuh the threshold value modilicd by 
the threshold vaiue modifying meaas. 
Hius, a binarizir^ process can be performed to obtain dots 
of a desired size without dependency on expansion and 
contraction of the dots attributable to the recording condi- 
tions 

Even if the dot has anisotropy or whisker type noise is 
superimposed on the dot, the binarizing process, which 
cannot be performed in the case where the dot diameter is 
used, can effectively be performed. 

(2) An information reproducing system according to (i), 
wherein the binarizing means binarizes the image signal 
read by the reading means in one of held and frame units. 

Since the threshold vaiue of the same code image 
obtained by measuring the reference dot area is modified so 
as to be again binarized, binarization can be performed in 
such a manner that the dot area can accurately be made 
coincide with ibc target value. 

(3) An information reproducing system according to ( 1), 
wherein 

the code reading means successively reads the code 
image, and 

the binarizing means modihes the threshold value of the 
successive image signals read by the reading means in 
one of the previous tield and previous frame in accor- 
dance with the area of the detected reference dot so as 
to binarize the one of the present field and present 
frame with the modiiicd threshold value. 
In a case where the code images are successively read 
over a plurality of frames, the light quantity and the record- 
ing condition are not corLsiderabiy changed among the 
continuous frames. Therefore, the threshold value can be 
determined while making a reference to the value of the 
previous frame. Asa result, a memory tor storing the images 
can be omitted and a real time process can be performed. 

(4) An information reproducing system according to ( I), 
wherein the reference dot is one of a data dot and an 
insulated dot having substantially the same size and same 
shape as those of the data dot. 



Copy provided by PTCS from the FTO APS Image Data 3ase on 09-15-1999 



5.943.448 



47 



48 



Since a dot recorded in a state approximating the slate m 
which the data dot has been recorded Ls ased as the reference 
dot or the reference dot is the insulated dot which does npt 
intertere with another dot, the data dot can reliably be 
allowed to approximate a target area. 

(5) An inibrmaiion reproducing systetn according to (1), 
wherein the dot code recorded on the informatioa recording 
medium includes a data code corresponding to multimedia 
information and a pattern code for dettrmining the position 
at which the data code is read, and 

ihe reference dot is at least a portion of the pattern code. 

Since the pattern dot, which is a portion of the pattern 
code. Is an isolated dot having the substantially the same size 
and the same shape as those of the data dot and the area is 
mea-sured to detect the cenlroid for determining the position, 
use of a result enables the process to be performed efli- 
cieniiy. 

Since the marker, which is a portion of the pattern code, 
Ls detected in the initial stage of the reading process and the 
area is measured to detect the ccntroid for determining the 
position, use of a result enables the process to be performed 
efficiently. 

(6) An information reproducing system according to (5), 
wherein 

the dot area measuring means includes: 
dot interval measuring means tor measuring the dis- 
tance between predetermined doLs forming the pat- 
tern code; and 
area correction means for correcting the area of the 
reference dot or the laiget value in accordance with 
the inter\'al between dots measured by the dot inter- 
val measuring means. 
Since change in the dot area occurring due to vertical 
movement of the caniera is corrected, the area can stably be 
measured. 

Moreover, coping with change in the magnification of the 
optical system can be performed and cxjdes (50 tm or 60 //m) 
printed at different magnitications can be read, 

(7) An information reproducing system according to {!), 
wherein 

ihe reference dot detection means detects a plurality of 

reference dots; and 
the dot area mcasunng means has avcri^e area calculating 
means for calculating the average area of the detected 
plural reference dots. 
Since the average area of the plural reference dots is 
calculated, an influence of noi.se can be compensated and 
thus the area can be calculated more accurately. 

(8) An information reproducing system according to (7), 
wherein 

the dot area measuring means has dot selection means for 
inhibiting input of the area of the reference into the 
average area calculating meatis m a case where the 
measured area of each reference dot is larger than a 
predetermined range- 
Since the dot area calculated erroneously atlributabie to a 
stain, a patchy portion and blurring is omiued from the 
calculation, the average area can istably be calculated. 

(9) An information reproducing .system according to { I), 
wherein 

the threshold value modifying means has threshold value 
holding means for counting the number of reference 
dots detected by the reference dot detection means, 
determines whether or not the counted number of the 
reference dots satisfies a predetermined number and 
inhibits mtxJitication of the threshold value in a case 
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where the counted number of CGt'crcncti dots ls less than 

the predetermined number. 
If a satisfactory large number of reference dots are not 
detected, the threshold value is not modified. Thus, deterio- 
ration in the reiiability of the threshold value can be pre- 
vented. 

( 10) An information reproducing system according to ( I), 
wherein 

the threshold value moditying means includes; 
peak value detection means for detecting the maximum 
value and the minimum value of the luminance from 
a predetermined detection region; 
interior division ratio modifying means for modifying 
the interior division ratio in accordance with the 
amount of modification of the interior division ratio 
calculated from the difference between the area 
measured by the dot area measuring means and the 
predetermined target value; and 
thre.shold value calculating means which divides the 
value detected by the peak value detection means 
with the interior division ratio modified by the inte- 
rior division ratio modifying means so as to calculate 
the threshold value. 
As contrasted with the structure in which the threshold 
value IS directly modihed, the dot area does not depend upon 
the change in the quantity of illumination light, the threshold 
value for (he binarization can stably be modilied while 
cauMng the code recording condition to reflect. 

(11) An inlcnnation reproducing system according to 
(10), wherein the peak value detection means interrupts 
follow ing pmcesses for the image signal for a subject frame 
in one of a case where detected minimum value is larger than 
a predetermined lirst threshold value and a ca.se where the 
detected maximum value Is smaller than a predetermined 
second threshold value. 

In a case where no code exists in the image or if the image 
of the code cannot be picked up because of InsufBcient 
quantity of illumination light, the foilowmg processes are 
interrupted. Thus, wasteful processes are omitted and the 
processing speed can be raised. 

(12) An information reproducing *^ystenl according to 
(10), wherein the peak value detection means has selective 
average calculating means for calculating the absolute value 
of the difference between pixels adjacent to a pixel of 
iniercM and for calculating the average value of the adjacent 
pixels only when a re.sult of the calculation is .smaller than 
a predetermined threshold value so that the peak values are 
detected from the average value of the calculated luminance;. 

U a detective pixel e?dst.s"in the image pickup apparatus 
in the code reading means, detection of erroneous peak 
values can be prevented. 

(13) An information reproducing sy.stem according to 
(l()), wherein the interior division ratio modifying means 
has an interior division ratio modilication amount table for 
determining the amount of modification of the interior 
division ratio m accordance with the relationship between 
dot area S and target vahre so as to determine amount Ak 
of modiiicalion of the jntcrior division ratio from the mea- 
sured dot area and the predetermined target value in accor- 
dance with the interior division ratio modilication amount 
table. 

Since the table is used, calculations are not required. 
Moreover, only one operation is required to approach the 
optimum interior division ratio. 

(14) Aa information reproducing system according to 
(10), wherein the interior division ratio modifying means 
calculates the amount ik of modification of the interior 
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division ratio by using a predetermined coeificient a, ihe dot 
area S and the target vaiue in ticcordance with the 
following equation: 

Since a memory for storing .a table is not required, only 
simple calculations are required and thus the size of the 
hardware can be reduced. 

(L5) An informaiion reproducing system according to 
(14), wherein the predetermined coefficient a is made to be 
one of the same and smaller whenever modiiication is 
repeated. 

Since a large coefficient is used in the initial state of the 
modiiicutioa, the following up characteristic can be 
improved, In a latter half stage in which the Interior division 
ratios have been converged, a small coefficient is used. Thus, 
oscillation can be prevented. 

(16) An information reproducing system according to 
( 10), wherein the interior division ratio modifying means 
changes the interior division ratio in a stepped manner and 
provides a hysteresLs characteristic. 

Since the interior division ratio is changed in the stepped 
manner, the calculations can be facilitated, and the size of 
the hardware can be reduced. Since the hysteresis charac- 
teristic is provided, change occurring due to noise can be 
restrained and binarization can stably he performed, 

(17) An intbunation reproducing system according to 
(10), wherein the interior division ratio modifying means 
has interior division ratio limit means which determines 
whether or not the modified interior division ratio is in a 
predetermined range to clip the interior division ratio In a 
case where the interior division ratio Ls out of the predeter- 
mined range. 

Since the interior division ratio is clipped with the pre- 
determined value, output of an abnormal intenor division 
ratio occurring due to a stain, a patchy portion and blurring 
can be prevented and therefore stable intenor division ratio 
can be output. 

(18) An information reproducing system according to 
( 10), wherein 

the reference dot detection means detects a plurality of 

reference dots, and 
the interior division ratio modifying means has interior 
division ratio holding means lor counting the number 
of the detected reference; dots, for determining whether 
or not the counted number satisfies a predetermined 
number and tor inhibiting modification of the interior 
division ratio in a case where the counted number does 
not .satisfy the predetermined number. 
If a .satisfactory large number of reference dots are not 
delected, the interior division ratio is not modified, Thus, 
deterioration in the reliability of the interior division ratio 
can be prevented. 

(19) An information reproducing system according to 
(10), wherein 

the reading means successively reads the code images, 
the interior division ratio modifying means modifies the 
interior division ratio to one of a field and a frame 
which .satisties a predetermined condition for the suc- 
ces.sive image signals read by the reading means and 
holds the modified interior division ratio tor one of the 
following field and frame. 
Since the recording condition Ls not considerably changed 
during the reading operation in a ca.se where the dot code 
images are continuously read, the mtxlification of the inte- 
rior divisyion ratio wiift which the recording condition is 
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corrected is completed in the first half of the frames. Thu.s, 
the following modification is inhibited si> that a wasteful 
process is reduced and erroneous modification caused from 
noise is prevented. 

(20) An information reproducing system according to ( I), 
wherein 

the dot code recorded on the information recording 
medium has an altitude dot disposed in a predetermined 
region adjacent to the reading stan end and including 
information about the information recording medium 
for determining the threshold vaiue required by the 
binarizing means, 
the binarizing means includes: 

attitude dot detection means for detecting the attitude 
dot; 

attitude^ reading means which binarizes the image 
signals read by the reading means in one of field 
and frame units so as to read infonnation relating 
the information recording medium from the atti- 
tude dot of the binarized image detected by the 
attitude dot detection means; and 
attitude storage means tor storing information read 
by the attitude reading means and applying infor- 
mation to each of following images. 
Since the attitude, such as the material of the information 
recording medium, the material of the recording material 
and the recording method can be detected prior to hinan/ing 
the code, appropriate parameter for binarization can be 
provided. 

(21) An information reproducing system comprising; 
code reading means tor reading a desired dot code from 

an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded m the form of a dot code which can 
optically be read; 
binarizing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading means; and 
information reproducing meaas for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
information, wherein 
the binarizing means includes; 
region dividing meaas for dividing the picked up 
screen of the dot code into a plurality of region.s; 
characteristic amount extracting means for extract- 
ing the characteristic amount for binarization in 
region units divided by the region dividing means; 
threshold value calculating means for calculating the 
threshold value for binarization in accordance 
with the characteristic amount extracted by the 
characteristic amount extracting means: and 
threshold vaiue determining means for binarizing the 
image signal with the threshold value calculated 
by the threshold value calculating means. 
Therefore, a consideration can be performed thai the 
recording condition and illumination condition are coastant 
among regions. By extracting the characteristic amount for 
each region and by calculating the threshold value, influ- 
ences of shading and the like can be eliminated .satisfacto- 
rily. 

(22) /\n information reproducing .system according to 
(21), wherein 

the information recording medium has a reference region 
for extracting the characteristic amount, and 
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the region dividing means divides the region in such a 
manner that the divided region includes at ieast one 
reference region. 

Since at least one reference region is included in each 
region, the characteristic amount can stably he extracted. 5 

(23) An infonnatioti reproducing systenni according lo 
(22), wherein 

the reference region is at least one of a marker and an 

inhibition region adjacent to the marker, and 
the characteristic amount extracting means extracts the ^''^ 

characteristic amount from the region. 
Since the reference region is the marker or the region 
adjacent to the marker, the necessity of recording the refer- 
ence region individually from the code can be eliminated. 
Thus, the recording area can effectively be used, and ihe 
detection of the same can be facilitated; 

(24) An information reproducing system according to 
(21), wherein the characteristic amount extracting means 
extracts the maximum value of the luminance in each of ihe 
divided regions. 

The characteristic amount is made to be the maximum 
value of the luminance so that the reference region is made 
to be the ground color portion of the information recording 
medium. Since the ground color portion is widely distrib- 
uted over the code, the characteristic amount can .stably be ~ 
extracted even H the region is divided into rcliitively small 
sections. Since the state of illumination is satisfactorily 
reflected on the maximum value of the luminance, the 
threshold value can etiectively be calculated to correspond 
to shading. 

(25) An information reproducing system according to 
(21), wherein 

the characteristic amount extracting means extracts the 
maximum value of the luminance of each of the divided 
regions as a Hrst characteristic amount and extracts the 
minimum value of the luminance of the overall screen 
as a secx»nd characteristic amount, and 
the threshold value calculating means calculates the 
threshold value for each region from the maximum ^-j 
value and the minimum value of the luminance in 
accordance with a predetermined interior division ratio. 
Since the threshold value is calculated from the maximum 
value and the minimum value of ihc limiinance in accor- 
dance with the interior division ratio, the threshold value 
corresponding to the amount of illumination can be calcu- 
lated. 

Since the maximum value of the luminance is extracted 
for each region, coping with shading can be performed. The 
minimum value of the lummance which cannot stably be 
extracted from each region, it can be extracted from the 
overall screen. I'hu.s, coping with rise in the black level 
occurring due to the recording condition can be pcrtbrmcd. 

(26) An information reproducing system according lo 
(25), wherein 

the reading means continuously read the code images, and 
the minimum value of the luminance is extracted from 

one of the previous field and frame. 
By using the minimum value from the previous tie Id or 

frame, the present tiled or the frame can be subjected to the m 

binarizing process in divided region units. 

(27) An information reproducing system according lo (24) 
or (25), wherein the characteri.stic amount extract means has 
maximum value averaging means which extracts the maxi- 
mum value of the luminance in each of the divided regions 65 
and which averages the extracted maximum value in at least 
two or more adjacent fields or frames in terms of time. 
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There tore, change in the maximum value occurring due to 
shift of the ground color of the information recording 
medium can be prevented. 

(28) An information reproducing system comprLsing: 
code reading means for reading a desired dot code from 

an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
bmanzing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading means; and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
information, wherein 
Ihe binarizing means includes: 
peak value detection means for detecting the maxi- 
mum value and the minimum value of the lumi- 
nance from a predetermined detection region; 
code detection means for detecting whether or not a 

code exists in the detection region; 
minimum value replacing means for replacing the 
minimum value in the detection region with the 
. . _ minimum value of one of the previous tield _and 
frame in a case where the code detection means 
does not detect a code; and 
threshold value calculating means for calculating the 
threshold value for binarization for the ^ame 
region of one of a next Held and a next frame from 
the detected maximum value and the detected or 
replaced minimum value in accordance with a 
predetermined interior division ratio. 
U the code is out of the detection region, the minimum 
value (the code level) is made to be substantially the same 
as the maximum value (the background level) so that .setting 
of the threshold value to the background level is prevented. 
By making a reference to the background level, following up 
to change in the amount of illumination is enabled. 

(29) An infonnation reproducing system comprising: 
code reading means for reading a desired dot code from 

an information recording medium on which multimedia 
information including at least any one of audio 
information, image information and digital code data 
has been recorded in the form of a dot code which can 
optically be read; 
binarizing means for generating binarized data from an 
image signal corresponding to the dot code read by the 
code reading meaas, and 
information reproducing means for restoring binarized 
data generated by the binarizing means to original 
multimedia information to reproduce multimedia 
information, wherein 
the binarizing means includes: 
peak value detection means for detecting the maxi- 
mum value and the minimum value of the lumi- 
nance from a predetermined detection region; 
code detection meaas for detecting whether or not a 

code exists in the detection region; 
minimum value replacing means tor replacing the 
minimum value in the detection region with the 
minimum value of the adjacent detection region in 
a ca.sc where the ctKle detection means does not 
detect a code; and 
threshold value calculating means for calculating the 
threshold value for binarization for the same 
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region of one of a next field and a nest frame from 
the detected maximuoi value and the detected or 
replaced minimum vaiue in accordance with a 
predetermined interior division ratio. 
It the code is out of tbe detection region, the minimum 
vaiue (the code Icvei) is made to be substantially the same 
as the maximum value (the background fevel) so that setting 
of the threshold value to the background level is prevented. 
By making a reference to the background level, following up 
to change in the amount of illumination is enabled 

(30) An information reproducing system according to (28) 
or (29), wherein the code detection means has peak ratio 
determining means for determimng whether or not the ratio 
of peak values detected by the peak value detection means 
is larger than a predetermined value. 

By using a known peak, whether or not a code exists can 
reliably be determined with a simple process. 

(31) An information recording medium for use in an 
information reproducing system having code reading means 
for reading a desired dot code from an information recording 
medium on which multimedia inform ation including at least 
any one of audio information, image information and digital 
code data has been recorded in the fbnii of a dot code which 
can optically be read; binarizing means for generating 
binarized data from an image signal corresponding to the dot 
code read by the code reading means; and infbrmadon 

, reproducing means for restoring binarized data generated bv- 
thc binarizing means to original multimedia intbrmation to 
reproduce multimedia information, the information record- 
ing medium comprising: 

data dots which conrespond to the contents of multimedia 

information and which can optically be read; and 
a reference dot arranged to he delected by the binarizing 
means and serving as a reference when the threshold 
value is modified to allow the area of the detected dot 
to appa>ach a predetermined target value. 
Thus, binarization to which the dot area is accurately 
reflected can be performed without dependency upon expan- 
sion and contraction of dots attributable to the recording 
condition. 

(32) An information recording medium for use in an 
information reproducit^ system having code reading means 
for reading a desired dot code from an information recording 
medium on which multimedia information including at least 
any one of audio information, image information and digital 
code data has been recorded in the form of a dot code which 
can optically be read; binarizing means for generating 
binarized daia from an image signal corresponding to the dot 
code read by the code reading means; and information 
reproducing means for restoring binarized data generated by 
the binarizing means to original multimedia information to 
reproduce multimedia information, the information record- 
ing medium comprising: 

data dots which correspond to the contents of multimedia 

information and which can optically be read; and 
a reference dot serving as a reference when the binarizing 
means detects the maximum value and the minimum 
value of the image signal level corresponding to the dot 
code, delects a dot from a code data binarized by a 
threshold value calculated from the maximum vale and 
the minimum value in accordance with a predetermined 
interior division ratio and modifies the interior division 
ratio in such a manner that area of the detected dot 
approaches a predetermined target value. 
Thu.s, binarization to which the dot area is accurately 
reflected can be performed without dependency upon expan- 
sion and contraction of dots attributable to the recording 
condition and upon the slate of illumination when an image 
is picked up. 
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(33) An information recording medium according to (31 ) 
or (32), wherein a plurality of the reference dots are recorded 
in an image pickup region. 

The plural reference dots are arranged to be detected in 
the image pickup region. The binarizing means calculates 
the average area of the plural reference dots. Thus, the 
iniiuttace of noise can be eliminated and the area can be 
calculated further accurately. 

(34) An information recording medium according to (32), 
wherein the information recording medium has a reference 
region for use when the binarizing meaas extracts the 
characteristic amount for binarization. 

Since the reference region exists individually from the 
code, the characterLstic amount can slably be extracted. 

(35) An information recording medium according to (31) 
or (32), wherein the information recording medium has dot 
interval measuring dots for measuring a dot interval Cor 
correcting at least one of the area of the reference dot 
detected by the binarizing means and the predetermmed 
target value. 

By measuring the distance between predetermined dots, 
the image pickup magnification and a state of distortion can 
be delected. Thus, the dot area or the target value is corrected 
in accordance with the delected states .so that binarization is 
performed to cope wuh the change in the magnification anu 
distortion. 

(36) An information recording apparatus for recording 
multimedia information including at least any one of audio 
information, image information and digital code data in the 
form of a dot code which can optically be read, comprising: 

reference dot recording means for recording at least two 
types of retcrence dots having at least dilTereni areas of 
shapes; 

reference dot reading means for reading the reference dots 
recorded by the reference dot recording mear^ to 
binarize the read reference dots; 

reference dot selection means for subjecting the area of 
each reference dot read by the reference dot reading 
means and a predetermined reference value to a com- 
parison to select a reference dot having the different 
smaller than a predetermined threshold value; and 

recording means tor recording a dot code corresponding 
to multimedia information in accordance with the ref- 
erence dot selected by the reference dot selection 
means. 

Thus, dots can stably be recorded in such a manner that 
the area of tbe binarized dot is made to be predetermined 
reference value. 

(37) An information recording apparatus according to 
(36), wherein at least two or more types of the reference dots 
are recorded in such a manner that at least one of the area 
and the shape is different at each of predetermined steps of 
a minimum resolving power of the information recording 
apparatiLS> 

Thus, dots can selectively be recorded with tbe optimum 
dot area and shape at the minimum steps which can be 
recorded by the information recordmg apparatus. 

(38) An information recording apparatus for recording 
multimedia information including at least any one of audio 
information, image information and digital code data in the 
form of a dot code which can optically be read, comprising: 

reference dot recording means for recording reference 
dots having different recording densities; 

reference dot reading means for reading the reference dots 
rectirded by the references dot recording meaas to 
binarize the read reference dots; 
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